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— 
SCIENCE AND LIBERAL EDUCATION} 
SEVERAL years ago a discussion was car- 

ried on in one of the London newspapers 

on that interminable but always interesting 
question as to what is the best definition of 

a gentleman. Various answers were sug- 

gested by different contributors. Some 

were in the form of citations from our 
noblest literature—one, as I recall, was 
given in the words of St. Paul, another was 
taken from Shakespeare, a third from 

Emerson. The one generally acknowl- 

edged to be the most effective was, how- 

ever, phrased in the picturesque vernacular 

of modern sport. A gentleman, so this an- 

swer ran, is a man who plays the game. 
As this lingers in the memory it brings 

a growing sense of broader implications. 

The definition, evidently, only gives a new 

turn to the old thought that human life is 

like a great game that man plays with the 


- world. We recall the striking words in 


which an illustrious master of modern 
science once brought this thought to bear 
upon the problem of education: 


The life, the fortune and the happiness of 
every one of us depend on our knowing something 
of the rules of a game infinitely more complicated 
and difficult than chess. It is a game which has 
been played for untold ages, each man and woman 
of us being one of the two players in a game of 
his or her own. The chess-board is the world, the 
pieces are the phenomena of the universe, the rules 
of the game are what we call the laws of nature. 
The player on the other side is hidden from us. 
We know that his play is always fair, just and 
patient. But also we know, to our cost, that he 
never overlooks a mistake or makes the smallest 
allowance for ignorance. To the man who plays 


1An academic address given at the opening of 
Columbia University, September 29, 1915. 


‘3 


ae, 
/ 
Ni 
6 
SON 652 ‘ 
E. VAIL 653 
fs 


626 


well the highest stakes are paid, with that sort of 
overflowing generosity with which the strong de- 
light in strength. And one who plays ill is check- 
mated—without haste, but without remorse. My 
metaphor will remind you of the famous picture in 
which a great painter has depicted Satan playing 
at chess with man for his soul. Substitute for the 
mocking fiend in that picture a calm, strong angel 
who is playing for love, as we say, and would rather 
lose than win, and I should accept it as an image 
of human life... . 

Well, what I mean by education is learning the 
rules of this mighty game. In other words, educa- 
tion is the instruction of the intellect in the laws 
of nature, under which name I include not merely 
things and their forces but men and their ways, 
and the fashioning of the affections and the will 


into an earnest and loving desire to move in har-, 


mony with their laws. 


And a little farther on it is added that a 
liberal education should teach us to love all 
beauty, whether of nature or of art, to hate 
all vileness, and to respect others as our- 
selves. | 

Huxley here formulates his view of edu- 
cation in words that breathe the very es- 
sence and spirit of scientific inquiry. The 
end of education, obviously, is not the mere 
acquisition of knowledge; it is the attain- 
ment of a point of view. And the value of 
science in this respect, as I think, depends 
mainly upon the attitude of the scientific 
investigator towards the study of nature. 
For he, too, is like a player in a great game. 
He is quite aware that he can never bring 
it to a conclusion or sound all of its depths. 
Nevertheless, he throws himself into it 
without hesitation, certain of its inexhaust- 
ible interest and of possibilities of achieve- 
ment that are past all reckoning. 

I will say but a passing word concerning 
the work of our professional and technical 
schools of science. More and more in the 
future the practical efficiency of our civili- 
zation will depend upon that work—in 
medicine and sanitary science, in agricul- 
ture and forestry, in the many branches of 
engineering—in all those practical disci- 
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plines that we speak of as the applied sci- 
ences. But civilization does not live by 
practical efficiency alone, neither is educa- 
tion merely a matter of vocational train. 
ing. Something larger is here involved, 
What is the greatest service of science to 
our intellectual and spiritual life? And 
this, I take it, is only another way of ask- 
ing: What is the value of science in gen- 
eral or liberal education ? 

There are certain obvious aspects of the 
question that will detain us for a moment 
only. Science should teach us to keep an 
open mind; to look facts straight in the 
face. It should help to deliver us from the 
deadly vice of thinking we know things of 
which we are really ignorant. It should 
lead us to place a higher valuation on ob- 
servation and experiment than on author. 
ity and precedent. We should, of course, 
acquire some definite information concern- 
ing the material world; we should become 
aware of the fundamental order that is dis- 
coverable among natural phenomena; we 
should gain an intelligent view of man’s 
place in nature. The biologist is apt, per- 
haps too apt, to emphasize the bearing of 
his work on problems of human life—psy- 
chological, social, political, ethical. No one 
supposes that all the intricacies of the so- 
cial organism are at present within the 
reach of biological searchlights; far from 
it. Nevertheless, we are ourselves objects 
in nature and a product of natural proc- 
esses. No man, I venture to think, can be 
called liberally educated who has been left 
indifferent to the issues that are here in- 
volved. 

But these things, too, let us pass by; they 
are plain-to demonstration. I ask atten- 
tion to something that is, perhaps, less ob- 
vious but to my way of thinking is more 
important still. The main service of sci- 
ence to our intellectual life is to help pre- 
serve us from a certain disorder of the 
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imagination which I will permit myself to 
speak of as the malady of Peter Bell. I 
make no attempt to disguise the fact that 
Peter Bell and his celebrated primrose have 
begun to show the ravages of time. Even 
so, I suspect that science will not with im- 
punity lay her desecrating hand upon 
Wordsworth’s parable. And yet that per- 
ennial primrose by a river’s brim, which 
through every changeful year 
A yellow primrose was to him 
And it was nothing more— 

that. weather-beaten botanical specimen, I 
say, symbolizes a kind of mental myopia 
with which the man of science feels him- 
self to be as much concerned as the poet. 
Science has a very definite part to play in 
the treatment of this insidious ailment. It 
should adjust our vision to the larger 
meanings of things in the material world. 
And by this I mean to say that science 
should develop—and it should discipline— 
the constructive imagination. 

This thought, I must admit, is very far 
from novel; to some, nevertheless, it may 
seem to be a rather quixotic notion. Let 
me then briefly set forth some of the 
grounds that lead me to adopt it. I might 
cite here Tyndall’s historic address on the 
scientific use of the imagination—one with 
which every student of science should be 
familar. But lest I be accused of calling 
upon a prejudiced witness, I will turn to 
the dry light of legal authority, recalling 
words that were written long ago by Sir 
Frederick Pollock: 

It is an open secret to the few, but a mystery and 
a stumbling block to the many, that Science and 
Poetry are own sisters; insomuch that in those 
branches of scientific inquiry which are most ab- 
stract, most formal, and most remote from the 
grasp of the ordinary sensible imagination, a 
higher power of imagination akin to the creative 


insight of the poet is most needed and most fruit- 
ful of lasting work. 


This was an eminently sound and up- 
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right judgment, yet the mystery seems not 
wholly to have been dispelled. Even now 
we not infrequently are asked: Is not sci- 
ence a negation of all that is poetic or 
imaginative? Is it not concerned with 
hard facts, with exact weights and meas- 
ures, with sharply defined and rigid con- 
cepts, with the iron rule of ‘‘blind force’’ 
and ‘‘inexorable law’’ in nature? Well, 
this view of science is known esoterically, in 
the seclusion of the laboratory, as the Great 
Myth. We can make some use of it, to be 
sure, as a kind of polite fiction with which 
to introduce the neophyte to the methods 
of science. We glibly insist that the stu- 
dent must above all things learn to observe, 
measure and weigh with ‘‘irreproachable 
accuracy.’’ With this demand he strug- 
gles valiantly but in vain; meanwhile, 
however, the fundamental truth begins to 
dawn upon him that nobody is able with 
perfect accuracy to observe, measure or 
weigh anything. We are always in error, 
more or less. Science—and here I mean 
the sciences of observation and experiment 
—has not the smallest hope of attaining to 
absolute precision. She is quite content to 
determine the probable limits of error! 
The fundamental concepts of science are 
in no better case than her weights and 
measures. They have no finality. They 
are but a means of advancing knowledge; 
they move as science moves. But yesterday 
we were told that atoms are infinitesimal, 
indivisible, ultimate. To-day we are hold- 
ing our breath as we watch the physicist 
soaring upon the wings of imagination in- 
side the atom in pursuit of still more in- 
finitesimal, still more indivisible, still more 
ultimate electrons which, like the stars of 
heaven, are rushing through the tremen- 
dous solitudes of intra-atomic space! To- 
morrow, no doubt, the scene of these dar- 
ing flights will be shifted to the nebulous 
and illimitable regions that lie still unex- 
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plored within the electron. What would the 
illustrious Dalton think of all this could he 
contemplate to-day the fate of his epoch- 
making theory after a century of scientific 
progress? We may imagine him saying to 
himself: ‘‘ Well, Well! the concept of the 
atom seems to have made some progress 
since my time; evidently it still is moving 
onwards. And yet, the flourishing state of 
latter-day physics and chemistry gives me 
an impression that the atomic theory, with 
all its faults, has played a certain useful 
part in the advancement of knowledge.’’ 

Surely then, it may be said, we can make 
a final stand upon the laws of nature. Are 
not these immutable and eternal? Do they 
not govern the world as overruling necessi- 
ties? Science and philosophy alike reply: 
Who knows? The laws of nature are known 
to us only as observed uniformities or har- 
monies of action. We can not affirm with 
certainty that any one of them—not the 
law of the conservation of energy, not even 
the law of gravitation—is fixed or universal. 
No particular law of nature—and here I 
employ the words of a great master of 
mathematical physics—will ever be more 
than approximate and probable, nor can 
we state it completely. But this, says some 
one, is a confession of the fundamental 
bankruptey of science! No; our cynical 
friend goes too fast; his remark betrays a 
failure to comprehend either the aims of 
modern science or the nature of scientific 
progress. We have no notion that our 
plummets will so easily touch the bottom of 
nature; we do not hope to divine the final 
essence of things. And were it otherwise, 
were it possible for our knowledge of na- 
ture to be frozen, once for all, into a hard, 
mechanical and completed system, the most 
potent spell of science would be broken. 
A deep-seated instinct of our human nature 
here asserts itself; one that has found ex- 
pression in the philosophy and poetry of 


[N. 8. Vou. XLII. No, 1088 


every age. It is a saying of Confucius that 
they who know the truth are not equal to 
those who love it. Which one of us, were 
we forced to choose, would not in the end 
make the famous choice of Lessing: 

If God held in his right hand all truth, and in 
his left nothing but the ever-ardent desire for 
truth, even with the condition that I should err 
forever, and bade me choose, I would bow down to 
his left hand, saying, ‘‘ Father, give me this; pure 
truth can be but for Thee alone.’’ 

Such a choice, however, is not very likely 
to fall to our lot; nor does the poet here 
suggest the actual attitude of science, 
Malbranche is nearer to it in that delight- 
ful remark that if he held truth captive in 
his hand he would open his hand and let 
it fly, in order that he might pursue and 
capture it again. Here we sense the spirit 
of the sportsman. With somewhat of the 
same spirit, beyond a doubt, does the dis- 
coverer play his small part in the mighty 
game of science. 

And this brings us to the vital point. 
Not merely in a spirit of sportsmanship 
does science play her game; she also strives 
to realize an ideal, one that is very plain 
and simple. And this ideal is, in a single 
word, progress. Not to solve the ultimate 
riddles of the universe, if such there be, 
not to attain to absolute truth, but to ad- 
vance knowledge—such is the aim of sci- 
ence. When once we have felt the full 
force of this, all is clear. Then we see 
that although the laws of nature can be 
formulated in only a tentative and provi- 
sional way, they are not for this reason 
less valuable to us; they are moreso. Then 
we grasp Huxley’s full meaning when he 
calls these laws the rules of the game we 
play. We can not with certainty ascribe 
to them any quality of necessary or in- 
flexible truth. Our knowledge of nature 
is of inestimable value to us; but it is no- 
where absolute or final. The profound 
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significance of what we call natural laws 
lies in the fact that they tersely sum up 
our experience of the world at any given 
moment; and, above all, they endow us with 
a gift of prophecy that leads us on to new 
advances. Just here we are in sight of 
what is most vital, characteristic and hope- 
ful in the spirit of modern science; and 
here, too, the all-important réle of the sci- 
entific imagination first begins really to im- 
press us. 

Our assured knowledge of nature is 
gained little by little, through the slow and 
cautious processes of observation, experi- 
ment and reason; but far different from 
these is the motive power of science. In 
every field the great discoverers have been 
seers, men of imaginative vision, carried 
onwards by a swift intuition that runs far 
in advance of solid fact or rigorous logic 
and ranges freely to and fro in undiscov- 
ered realms beyond them. . And this is a 
true creative process, one that is singularly 
like what we call the inspiration of the 
painter or the poet. It often thrills us in 


the same way. Such a work of the imag- - 


ination was Michael Faraday’s wonderful 
anticipation of the electro-magnetic theory 
of light. Such was Charles Darwin’s con- 
ception of natural selection which, as he 
himself has related, suddenly flashed upon 
his mind as he was reading the famous book 
of Malthus. Such, again, were the dreams 
that led Louis Pasteur and his followers, 
step by step, from the phenomena of fer- 
mentation and putrefaction to that most 
beneficent and practical achievement of our 
civilization—the germ theory of disease. At 
every point the material world overflows 
with half-revealed meanings about which 
science is forever weaving her imaginative 
fabrics; and at their best these have all the 
freedom, boldness and beauty of true works 
of art. One conspicuous trait, indeed, dis- 
tinguishes the man of science—his incor- 
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rigible, almost automatic insistence upon 
verification. For no one better knows that 
the children of his imagination will live 
only in so far as they take on the living 
flesh and blood of reality in the appeal to 
nature. Not many of them survive the 
ordeal; yet they are the pioneers of prog- 
ress, and the real conquerors of the world. 
Our own alma mater has placed above the 
portal of one of her great halls of science 
the words: ‘‘ Speak to the earth and tt shall 
teach thee.’’ Beside them we might fit- 
tingly inscribe that other Scriptural ad- 
monition: Prove all things; hold fast that 
which is good. 

I say once more, then, that the develop- 
ment and discipline of the imagination is 
the best gift of science to our intellectual 
life, and hence to liberal education. Per- 
mit me also to suggest that there is no royal 
road, no pedagogical short-cut, that will 
lead us to it. Lectures and text-books on 
science are, I suppose, a necessary part of 
the apparatus of educational nutrition. 
Not by them, however, but by the actual 
phenomena of nature is the scientific imag- 
ination first awakened to its real life. Our 
laboratories of science have their short- 
comings; in them, nevertheless, such as 
they are, the fruitful and abiding lessons 
of science are learned. It must not be 
imagined that the student has no other oc- 
cupation than to disport himself at ease in 
that legendary realm of popular fancy 
known as the ‘‘fairyland of science.’’ The 
prosaic but wholesome truth is that most 
of us are kept too busy digging out facts at 
lower levels to have much opportunity to 
breathe the atmosphere of the upper alti- 
tudes. But if the learner can not be taken 
up straightway to the highest mountain 
peaks, he may at least be enabled now and 
then to catch glimpses of them from the 
quarries in the foot-hills where most of us 
are toiling. And such moments of larger 
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vision repay with overflowing measure all 
the labor they have cost, for it is then that 
the miracle is wrought and the eyes of 
Peter Bell are opened. 

Permit me one more word. Science lays 
her spell upon us because she lives and 
moves. It ought to be clear that the ad- 
vancement of knowledge is not less vital to 
the educational interests of the university 
than are its conservation and dissemi- 
nation. Are we quite sure of ourselves in 
this regard? We have heard of late an 
intimation that the universities have not 
been so much leaders of progress as ‘‘de- 
positories of stationary thought.’’ Well, 
depositories of stationary thought the uni- 
versities indubitably have been, like the 
monasteries that they succeeded as centers 
of learning; and they have thus served as 
the guardians of a treasure that is beyond 
all price. But this is only half the truth; 
for it has long been one of our most cher- 
ished ideals that universities should also be 
the natural homes of original discovery and 
productive scholarship. The real universi- 
ties—and I believe that our own is one of 
them—have demonstrated by their example 
that the atmosphere which these things 
create make teaching live and move. But 
even as we are insisting upon this we find 
ourselves wondering how our ideal is likely 
to fare hereafter in the continual expansion 
of modern universities and the multiplicity 
of new demands upon their teaching re- 
sources. Our pedagogical and executive 
machinery is admirably organized. It has 
developed a high degree of efficiency. Will 
it be efficient enough in the future to main- 
tain an atmosphere in which scientific re- 
search and creative scholarship may freely 
breathe? It is easier to ask hard questions 
than to answer them. This one, neverthe- 
less, we shall not escape; for the day is 
coming when the leadership of the univer- 
sities in intellectual progress will depend 
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on the reply that we and those after us 
shall make; and not our words, but our 
deeds will speak for us. 


EpmunpD B. WIiLson 
COLUMBIA UNIVERSITY 


PLAIN WRITING 


Two years ago I spoke to the American Min- 
ing Congress on the subject “Plain Talk ”— 
both preaching the use of direct statement and 
trying to practise what I preached. Of late my 
thoughts have turned more and more to the 
need of the use of popular language in stating 
technical results; hence this afternoon I ven- 
ture to discuss plain writing from the stand- 
point of a government scientist. For twenty- 
odd years my association with scientists has 
been fairly intimate, and though I may not 
qualify in plain writing myself, I can claim 
large acquaintance with both the written and 
the printed page whose meaning is far from 
plain. 

At its best, science is simple; for science is 
not much more than arranging facts so as to 
set forth the truth. Scientific thought is exact 
and direct, and scientific writing must there- 
fore be accurate and to the point. The scien- 
tist should think directly and with the preci- 
sion of one of the instruments of his trade, 
and above all his language must present that 
thought exactly. 

In scientific writing this need of exact state- 
ment has led to the use of special terms, words 
that keep their razor-edge because used only 
for hair-splitting distinctions. In a certain 
degree this adoption of words not commonly 
used is unavoidable and therefore defensible. 
Yet the practise is carried to an extreme and 
far too often the result is a highly specialized 
language so distantly related to our mother 
tongue that as a preliminary qualification the 
writer has to pass a civil-service examination 
and the reader usually finds himself “ shut out” 
and facing a “no admittance” sign unless he 
happens to possess the degree of Doctor of 


1 Meeting of American Mining Congress, San 
Francisco, September 13, 1915. 
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Philosophy in that particular branch of sci- 
ence. 

Mind you, it would be folly to throw away 
these tools so well fitted for special purposes; 
yet it is no more the part of wisdom to put 
them to every-day uses. The task for the scien- 
tist is to decide when to use his technical terms 
and when to talk United States. Of course, any 
writer’s first duty is to be intelligible. Choice 
of language thus resolves itself largely into 
an understanding of the audience. If a scien- 
tific investigator desires to announce his dis- 
covery to his fellow workers, he does well to use 
those exact terms that carry the same shade of 
meaning the world over and indeed may have 
the same form in several languages; if, on the 
other hand, his results have immediate value 
for the mine operator or the prospector, the 
geologist does not and can not accomplish his 
purpose unless he writes in plain language, 
using words possibly less exact but surely more 
understandable. 

It may be that I have stated the case too 
simply, so that this matter of plain writing 
may seem altogether easy, yet making out the 
prescription is always much easier than effect- 
ing the cure. Indeed, I suspect the difficulty 
is largely an internal trouble with the author, 
so deep-seated that my simple remedy of fitting 
the language to the reader does not reach it. 

Sir Clifford Allbutt in his “ Notes on the 
Composition of Scientific Papers” lays down 
the plain rule: “ Take pains, therefore, with 
yourself first, then with your reader.” His 
idea that clear thinking must be the first step 
to plain writing of course deserves our en- 
dorsement, based upon experience. How com- 
mon is the sad discovery that a piece of ob- 
scure writing is simply the product of round- 
about reasoning or twisted thinking. Printer’s 
ink, in whatever amount used, unfortunately 
possesses no magic properties as a reagent for 
clarifying muddy thoughts. Yet no doubt it 
sometimes happens that some of us try to cover 
up with long words our uncertainty in think- 
ing. So in preaching reform in scientific 
publications, those of us who are doing the 
work must realize that plain thinking comes 
first. There’s the rub! 
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It is therefore not a coincidence that some of | 
the deepest thinkers in geological science have 
also possessed a literary style conspicuous for 
clarity of expression. On the other hand, some 
authors whose English needs the most editing 
are equally careless in the quotation of facts 
determined by others and indeed in the state- 
ment of their own observations. I mention 
this simply to show that I am strong in my 
belief that plain writing is not something be- 
neath the plane of endeavor of the scientific 
investigator—indeed, it is something so hard 
to attain that the most of us need to aim high, 
to raise our standards of scientific thinking. 
The use of common words is worthy of any 
writer if his purpose is to transmit thought. 

The discussion of plain writing at this time 
is not academic, because my real purpose is to 
take this opportunity to announce to you the 
policy of the United States Geological Survey 
on this subject. Our explorations, surveys and 
investigations are in the public interest only 
as results are made public. This policy is as 
old as the Geological Survey itself, but several 
things have given a special impetus to the 
development of this policy. Beginning in 
August a year ago, a large volume of inquiries 
from producer and consumer of minerals came 
pouring into our office, and as never before the 
Geological Survey became a kind of “ central” 
to the mineral industry. This opportunity for 
a larger service to the public not only resulted 
in gratifying relations with a large number of 
correspondents, but the rendering of such 
service has proved instructive to the public 
servants charged with the duty. Many of us — 
on the Survey staff have acquired a keener 
realization of the need not only of giving the 
public the facts, but also of making those facts 
intelligible and useful to the citizen who may 
lack professional training in geology or engi- 
neering. 

Another line of this larger service has been 
the issue of four guidebooks to this great 
western country, in which the purpose has been 
to inform the traveler concerning the resources 
of this part of our country as well as to unfold 
to him in attractive form its fascinating geol- 
ogy. The effort to meet the public need of 
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authoritative information of this type seem- 
ingly has met with success, and other guide- 
books in this series will follow in other years. 
More than that, however, the reflex influence 
of this innovation is already felt, and the evi- 
dent appreciation by the general public of this 
type of popular description is encouraging the 
Survey writers. The educational responsibil- 
ity of this federal service is being more fully 
realized, and we intend to give much more at- 
tention both to the simplification of the lan- 
guage of the professional publications and to 
the issue of reports that shall be popularly 
descriptive and instructive without loss of 
exactness. Even if plain language is used our 
reports should be no less efficient vehicles for 
professional discussion or for the announce- 
ment of geologic discoveries. 

For thirty-six years the United States Geo- 
logical Survey has reached an ever widening 
circle of readers, and even in the early years 
of the Survey’s life King and Emmons and 
Gilbert gave to the West the results of their 
work in strong and forceful English. Yet 
with the growth of the organization and the 
development of the science the tendency to- 
ward highly specialized writing has been too 
marked and the present plea for plain writing 
has become necessary. The government scien- 
tist has at least two obligations: first, that of 
making his investigations more and more exact 
in method and direct in result; second, that of 
making his product, the written report, such 
as to meet the needs of not only his professional 
associates but also the general public. It is 
our ambition that the reports of the United 
States Geological Survey shall be written in 
the language of the people. 

Grorce Otis SMITH 

U. 8S. GEOLOGICAL SURVEY 


SOIL FERTILITY 


As long as a soil continues to produce 
moderate crops, the question of its fertility 
arouses no concern, but when the yield falls 
below normal the reason for this decrease is 
immediately sought. Until a short time ago 
it was believed that this difficulty admitted of 
an easy solution, but when the farmer saw his 
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crops decreasing and sought the cause, the type 
of answer which he received depended on 
whether he consulted a soil physicist, a soi] 
chemist, or a soil bacteriologist. In any cage 
it was generally conceded that the supply of 
“plant food” had been exhausted and the only 
question remaining was how to replenish it. 

The soil physicist saw in this undesirable 
condition, from his standpoint, a violation of 
the maintenance of one of the following re- 
quirements for the soil under examination, 
First, the proper temperature had not been 
established in the soil to admit of the rapid 
growth of crops; second, the proper ventila- 
tion of the soil had been interfered with, either 
by a change in the porosity of the soil due to 
physical or chemical changes, or to the deposi- 
tion and retention of the by-products of the 
crops; or third, the plant did not receive sufii- 
cient moisture and this was due to the non- 
operation of one of the following agencies, 
osmosis, surface-tension or transpiration. The 
importance of this third point is very apparent 
when we remember that all plant food taken - 
from the soil must be in solution. 

The following quotation from Johnson’s 
“ Agricultural Chemistry” illustrates the 
standpoint of the chemist of a few years ago in 
regard to soil problems. 


The art of culture is almost entirely a chemical 
art, since nearly all its processes are to be ex- 
plained only on chemical principles. If you add 
lime or gypsum to your land, you introduce new 
chemical agents. If you irrigate your meadows, 
you must demand a reason from the chemist for 
the abundant growth of grass which follows. 


The extension of such ideas as are contained 
in the above quotations led to the belief that 
there is a certain definite relation between 
the productiveness of the soil and its content 
of nitrogen, potash, phosphoric acid or other 
chemical constituent, and many persons be- 
lieve at the present time that from a chemical 
analysis of a soil the analyst can tell just the 
kind and amount of fertilizer to be added in 
order to increase its productiveness. 

With the introduction of more exact methods 
in bacteriology and the perfecting of bacteri- 
ological technique, all of which has taken place 
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in the last half century, the relation of bac- 
teria to soil cultivation has been carefully 
studied. There are myriads of bacteria in 
the soil and from the standpoint of the agri- 
culturalist, they naturally fall into two classes: 
Those concerned in increasing the fertility of 
the soil, and those which deplete the soil of the 
necessary constituents to sustain plant life. 
Two groups of bacteria (Clostridium and 
Azotobacter) have the ability of taking nitro- 
gen directly from the air and incorporating 
it into their own protoplasm, and it is believed 
that these organisms are responsible to a large 
extent for keeping the nitrogen content of a 
soil nearly constant, as they replace that lost 
from the soil by the removal of crops, dentrifi- 
cation (which will be considered later) and 
seepage. Another method by which the nitro- 
gen content of a soil is increased is that of a 
symbiotic relationship between certain bacteria 
and plants; Ps. radicicola has the ability of 
penetrating the roots of the legumes and form- 
ing nodules thereon. Under this special con- 
dition, the bacteria above mentioned are able 
to “fix” atmospheric nitrogen. This element 
is rarely, if at all, available to plants in the 
form of ammonia, but must be built into 
nitrates first. Here other types of bacteria 
(nitrifying organisms) take the “ fixed” nitro- 
gen and build it up to nitrites and nitrates. 
It is upon these facts that the excellent re- 
sults of crop “rotation” depend and this is 
responsible for the success in intensive farm- 
ing. In the “rotation” of crops the farmer 
sows the land between “money crops” with 
one of the legumes (peas, beans and especially 
clover are used) and these plants are those 
above referred to as being capable of a sym- 
biotic relationship with the nitrogen-fixing 
bacteria. When these legumes have grown up, 
they are ploughed under, thus returning much 
nitrogen, which has been accumulated during 
their growth to the soil, and replacing that lost 
by the removal of the “money crops.” This 
process is known as “green manuring” and 
it is fast becoming the practise to spray the 
seeds of these legumes with pure cultures of 
nitrogen-fixing organisms, so that the proper 
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bacteria may be present when the seeds are 
planted. 

The question naturally arises that if nitro- 
gen must be in the form of nitrates in order 
to be available to plant life, why is it that we 
often add materials as fertilizers which con- 
tain nitrogen in a much more complex form? 
Bacteriology again answers this query. These 
complex nitrogenous substances which we add 
as fertilizers are broken down by the saprogenic 
and saprophilic bacteria to the ammonia stage 
from which they are built up, through the 
agency of the nitrifying bacteria to the nitrite 
and finally nitrate form, and are now in a con- 
dition to be assimilated by plant life. Through 
the agency of other bacteria cellulose, starches 
and sugars are transformed to organic acids 
and carbonic acid, which attack otherwise in- 
soluble minerals and get them into solution 
ready for absorption by the plant. Bacteria 
are also involved in the oxidation of hydrogen 
sulphide and iron compounds. 

So far, we have discussed only those organ- 
isms which are beneficial to plant life, but there 
are others which are detrimental and these 
naturally fall into two classes; first, those bac- 
teria which are pathogenic to plants, like those 
causing tobacco and cucumber wilt, potato rot, 
pear blight, etc., second, those bacteria which 
are indirectly harmful to plants because they 
rob the soil of the constituents necessary to sup- 
port plant life. These latter fall in the group 
above referred to as denitrifying organisms 
and they have the ability to break down ni- 
trates, either partially or wholly to the am- 
monia stage, thus robbing the plant of what 
was originally available nitrogen. This type 
of organism was much feared by the agricul- 
turalist for some time after its discovery, but 
it is now known that it requires an entirely 
different environment from the nitrifying 
organisms and that it seldom occurs in a well- 
ventilated soil. 

The single view of the soil physicist must 
appear untenable, for while plants need water, 
air and a proper temperature, these are not 
the only requirements to be met, for if it is 
desired to have a fertile soil to insure our crops, 
“plant food” must be present and also the 
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agencies whereby this food will be replaced 
when that which is now present is consumed. 
We must also recall that water, air and tem- 
perature greatly influence the bacterial con- 
tent of the soil and they are probably more 
sensitive to changes in respect to these three 
requirements than are the plants themselves. 
As will be seen later, it is possible to meet all 
the demands of the physicist and yet have an 
unproductive soil. 

The single standpoint of the chemist is also 
open to criticism, for, granting that the right 
amounts of the necessary elements are present 
in the soil and are in an available form at the 
time of examination, they will soon become 
exhausted unless replaced by bacterial activity. 
The amount and kind of material in the soil 
solution is one that has caused considerable 
discussion and for which we can set no arbi- 
trary standards, knowing that this is inti- 
mately related to the composition of the soil, 
which is dependent upon the original nature 
of the rock of this place and the care of the 
land since it has been cultivated. Would it, 
remembering that different animals require 
different kinds and amounts of foods to repair 
their protoplasms, be quite correct to assume 
that all plants require exactly the same 
amounts of various substances to repair their 
equally diversified protoplasms? 

While it may be claimed that the bacterio- 
logical content of a soil is a very delicate index 
of its fertility, we must not forget that the 
chemistry and physics of the soil are also im- 
portant. It is true that from the type of bac- 
teria present we can form a good idea of the 
fertility of the soil, but without the knowledge 
gained from a physical and chemical examina- 
tion we have no means of knowing how long 
these conditions will persist. 

The problem of soil fertility then is a com- 
posite one which needs for its solution a knowl- 
edge of the interrelated subjects physics, chem- 
istry and bacteriology. With these points in 
view, it becomes a very simple matter to har- 
monize statements which on the surface seem 
conflicting. We now know that it is necessary 
to provide the proper laboratory (physical con- 
ditions) and the necessary raw material (chem- 
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icals, ete.) in order that the particular bac- 
terial cell which we desire may do its work in 
increasing the fertility of the soil. In order 
to show the dependence of the bacterial cel] 
on physical factors, we may cite the physicist’s 
demand for a porous soil and remember at the 
same time that the organisms beneficial to 
plant life require oxygen in order to continue 
their reactions. Again the necessity for mois- 
ture is clear when we remember that bacteria 
can use only food that is in solution, and the 
question of a proper temperature is explained 
when we remember that at the optimum tem- 
perature of the bacteria in question, their re- 
actions are greatly accelerated. 

To discuss in detail the tenets of the chem- 
ist would require too much space here, but one 
simple illustration may suffice to show the close 
relationship between the chemical composition 
of a soil and its bacteriological content. The 
adding of chemicals to a soil affects the phys- 
ical and bacteriological nature of the soil as 
well as the chemical content. When we re- 
member that the activity of bacteria often pro- 
duces acid end-products, which if not neutral- 
ized will inhibit their activity and finally cause 
their death, the reason for the addition of lime 
to a soil is easily understood. 

If we provide all the conditions above out- 
lined and the soil continues to be unfertile, 
we may be sure that we have not the proper 
bacteria present or else some enemy such as 
certain protozoa are present and are preying 
on those bacteria which make plant life pos- 
sible upon the earth. As animals are in the 
last analysis dependent upon the plants for 
food, and as plants are dependent upon the 
nitrifying bacteria, we can easily see that no 
life could long exist upon the earth without the 
aid of these organisms. 

J. E. Rusu 


DEPARTMENT OF BIOLOGY, 
CARNEGIE INSTITUTE OF TECHNOLOGY 


THE THIRTEENTH NEW ENGLAND INTER- 
COLLEGIATE GEOLOGICAL EXCURSION 
THE annual meeting of the Geologists and 

Geographers of the New England Colleges and 

Universities was held under the direction of 
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Professor Joseph Barrell, of Yale University, 
on Friday and Saturday, October 15-16. 

The purpose of the excursion was to deter- 
mine whether or not the so-called Cretaceous 
peneplain of southern New England was the 
work of subaerial or of marine erosion, and 
was conducted by the author of the latter 
theory. 

In the preliminary lecture delivered in Pea- 
body Museum, Yale University, Professor Bar- 
rell pointed out that the importance of pene- 
planation in continental interiors was not ques- 
tioned nor the quantitative dominance of river 
erosion even on the eastern side of the Appa- 
lachians. From evidence based on a broad 
study of the country between Vermont and 
Virginia it was concluded that the so-called 
peneplain of southern New England was orig- 
inally stair-like or terraced in its character, 
the terraces facing the sea and bearing the 
marks of having been developed by recurrent 
marine denudation. By projecting the base of 
the Potomac and later formations their rela- 
tions were brought out with the marine ter- 
races of Maryland. The oldest terrace is re- 
garded as Upper Cretaceous. The Piedmont 
plateau is regarded as developed by alterna- 
tions of marine and subaerial denudation dur- 
ing the Pliocene. 

The party left New Haven Saturday at 8:00 
o'clock for Waterbury, Conn., where auto- 
mobiles awaited. The route traversed extended 
through Morris, Litchfield and Goshen to 
Torrington. Luncheon was eaten in Litchfield. 

The four terraces recognized in this region 
by the leader, regarded as Pliocene in age, and 
pointed out to the party are: 

Cornwall terrace, elevation 1,680—1,720, 
Goshen terrace, elevation 1,340-1,380, 
Litehfield terrace, elevation 1,100—1,140, 
Prospect terrace, elevation 880-920. 


Of these terraces the Prospect in the local- 
ity viewed was seen to have been much dis- 
sected by subaerial erosion while the Litchfield 
has a remarkably smooth surface. No line of 
cliffs separates these two terraces, the separa- 
tion being determined largely from topographic 
maps by the rather rapid descent of the sur- 
face near the junction of the two terraces. 
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Rather pronounced but much dissected scarps 
between the Litchfield and Goshen and between 
the Goshen and Cornwall terraces were pointed 
out. 

It was suggested by members of the party 
that the terraces might have been caused 
either, (1) by monoclinal warping or, (2) by 
a difference in the hardness of the rock. It 
was pointed out by one of the physiographers, 
however, that mere difference in hardness of 
rock would hardly account for the succession 
of dissected levels which was observed. The 
leader regarded monoclinal warping as inap- 
plicable when applied to the actual details as 
developed across the country. 

In general, Professor Barrell holds that the 
highest or Cornwall terrace was first cut by 
the marine erosion of a region of slight relief. 
The region was then raised, perhaps 400 or 500 
feet, the sea retreated, subaerial denudation 
etched out the land surface, then moderate 
submergence took place to a level about 340 
feet below the Cornwall level and the second 
or Goshen terrace was planed. Another oscil- 
lation resulting in a final elevation of 240 feet 
more permitted the sea to cut the Litchfield 
terrace. The Prospect terrace was cut when 
the region was raised about 220 feet further 
and perhaps after a prolonged stage of sub- 
aerial denudation. Lower and younger levels 
were cut by the waves on the seaward slopes 
before the sea reached its present position with 
reference to the land, each phase being repre- 
sented by subaerial denudation farther inland. 
The sediment which had been spread over the 
sea bottom as the land was cut away to form 
the terraces has been removed by the streams 
since the successive terraces were subjected to 
subaerial erosion. 

Twelve colleges and universities were repre- 
sented by the fifty-two persons who were on 
the excursion. 

The beauty of the autumnal coloring and of 
the region traversed added pleasure to one of 
the most interesting and largely attended of 
these annual excursions. 

H. F. 
Secretary 
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THE WILLARD GIBBS PROFESSORSHIP OF 
RESEARCH IN PURE CHEMISTRY 

In course of the academic year 1914-15, a 
new department was established on a perma- 
nent basis in the Mellon Institute of Industrial 
Research of the University of Pittsburgh, 
namely, a department of research in pure 
chemistry. The headship of this department 
is to be known as the Willard Gibbs Professor- 
ship of Research in Pure Chemistry, “to ever 
proclaim the ideal which the incumbents of the 
chair and the groups of research workers to be 
associated with them will be expected to fol- 
low.” It constitutes a chair in the graduate 
school of the University of Pittsburgh as well 
as in the Mellon Institute. 

Dr. Martin A. Rosanoff, who had built up 
and for years headed the graduate department 
of chemistry in Clark University, was formally 
inaugurated as the first permanent incumbent 
of this professorship, at exercises held in the 
Assembly Hall of the Mellon Institute on 
October 26. The exercises included addresses 
by Professors James McKeen Cattell and 
Marston Taylor Bogert, both of Columbia Uni- 
versity, and by Dr. Rosanoff, followed by a 
reception and an inspection of the Mellon 
Institute. 

Chancellor Samuel Black McCormick pre- 
sided at the exercises. He explained the cir- 
cumstances connected with the establishment 
of the chair and thanked the donors whose 
generosity had made possible the endowment, 
of which the income, amounting to $5,000 per 
annum, is to constitute the salary of the in- 
cumbent of the chair. He then introduced 
Dr. Cattell. 

Dr. Cattell spoke on “ The Support of Scien- 
tific Research in a Democracy.” 

His argument was that science with its ap- 
plications had given us democratic institutions 
by so greatly increasing the productivity of 
labor and the length of life, that it had become 
possible to provide for education and equality 
of opportunity. But scientific research, un- 
like most services, can not be sold to individ- 
uals; it is for the benefit of all and must be 
paid for by all. Hitherto aristocratic institu- 
tions have been more favorable to scientific 
research than ours, but we are now beginning 
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to equal the leading European nations in our 
contributions to the advancement of science. 
We must do much more in the future. Coal is 
mined in Pennsylvania to the value of some 
three hundred million dollars a year. In so far 
as natural resources are consumed, ten per 
cent. of the proceeds—thirty million dollars 
year—might very properly be devoted to dis- 
covering new ways to obtain energy. The 
manufactures of the city of Pittsburgh and 
of Allegheny County are worth more than 
three hundred million dollars a year. These, 
like the proceeds of the mines, have been made 
possible by the applications of science. Ten 
per cent. of their value—another thirty million 
dollars a year—might to advantage be spent in 
this city for the further advancement of sci- 
ence under the auspices of the University of 
Pittsburgh. By the Bessemer steel process the 
world saves, according to the estimates of the 
late Abram S. Hewitt, each year two billion 
dollars; by the electro-magnet discovered by 
Faraday in the only research laboratory then 
existing, the world earns each year perhaps 
twice as much. Why should not these six bil- 
lion dollars a year be set aside as a memorial to 
the scientific men and workers in technology 
who have provided the world with its vast 
wealth, to be used for the further increase of © 
this wealth and for the welfare of all? We 
could afford to devote one tenth of all labor, 
one fourth of all wealth, to scientific work, and 
we should become each year a richer and a 
greater nation. We need a Mellon Institute 
for each science and in every city. 

Following Dr. Cattell, Dr. Bogert, who was 
introduced by Dr. Raymond F. Bacon, director 
of the Mellon Institute, spoke on “ The Espe- 
cial Value of Research in Pure Chemistry.” 

After rapidly reviewing some of the more 
striking contributions which chemistry has 
made to civilization, he pointed out that it was 
research in pure science which laid the deep 
and abiding foundations upon which applied 
science has erected all the wonderful structure 
of modern industrial processes. The nine- 
teenth century has been called the Age of 
Physics and Engineering, but the twentieth 
will surely be the Age of Chemistry. 

Dr. Bogert referred to the great service 
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which the University of Pittsburgh and its 
Mellon Institute are now rendering the public, 
and congratulated them upon the establishing 
of the new chair of research in pure chemistry 
as one of the most effective ways of furthering 
research and a momentous step in the direction 
of building up a splendid new graduate school. 
He believed that a university’s true greatness 
was not measured by the magnificence of its 
plant, the size or athletic prowess of its stu- 
dent body, but by excellence of its graduate 
school, and that the standard of the latter was 
determined by the amount and quality of its 
production of genuinely original work, and the 
character of its faculty. He said, further, that 
the extent of the assistance which a university 
secures from its surrounding community in 
the creation of such a fine graduate school as 
that of the University of Pittsburgh was often 
a good indication of the attitude of the uni- 
versity authorities themselves toward such 
work. In this respect he said that the Univer- 
sity of Pittsburgh was, indeed, fortunate in 
having a chancellor and trustees who knew 
how to prize original scientific investigation at 
its real worth, and under whose fostering care 
and guidance it would have full opportunity 
to grow and flourish. 

The designation of the new chair as the 
Willard Gibbs professorship of research in 
pure chemistry was peculiarly appropriate, and 
should prove a constant inspiration to all in- 
cumbents in their search for truth. Dr. Bogert 
also congratulated the chancellor and Director 
Bacon upon securing as the first occupant of 
the chair so distinguished a scientist as Dr. 
Rosanoff—chemist, physicist, mathematician 
and linguist—whose investigations, especially 
those on distillation and the catalysis of or- 
ganic reactions, have already won for him an 
enviable international reputation. He then 
felicitated Dr. Rosanoff upon his appointment 
to a post of such conspicuous dignity and 
honor. In closing, the speaker called attention 
to the fact that it was the development of 
genius that was of greatest concern to the 
world, and that many of the investigations 
carried out by the Willard Gibbs professors 
would undoubtedly survive long after the 
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beautiful buildings of the university had 
crumbled in decay. 

The last of the addresses was a brief dis- 
course on Willard Gibbs’s life and work by 
Dr. Rosanoff. In the conclusion of his ad- 
dress, Dr. Rosanoff expressed the sentiment 
that a man whose intellectual achievement is 
as wonderful as that of Willard Gibbs need 
hardly be honored either by a monument in 
stone or bronze or even by so magnificent a 
memorial as a professorship of research en- 
dowed in perpetuity. The sense of attaching 
his illustrious name to the new chair is really 
the hitching of the wagon to a star. And Dr. 
Rosanoff solemnly pledged himself, ever 
guided by the light of that star, to humbly 
follow in the steps of the great American 
master of scientific research. 

The Department of Research in Pure Chem- 
istry of the Mellon Institute is to be conducted 
along the same lines as similar departments in 
the leading universities in this country and 
abroad. Graduates of colleges in good stand- 
ing will be admitted to it as candidates for the 
master’s and doctor’s degrees, and it will be 
the principal duty of the head of the depart- 
ment to maintain in it the highest attainable 
academic standard. The industrial research 
fellows of the Mellon Institute and the mem- 
bers of the faculty of the school of chemistry 
of the University of Pittsburgh, as well as the 
members of the Federal Bureau of Mines and 
of Standards, are at liberty to attend all lec- 
tures, seminars, and other exercises conducted 
in the department. Further, the head of the 
new department promotes the industrial ends 
of the Mellon Institute by any scientific ad- 
vice that he may be able to give in connection 
with the work of the industrial research 
fellows. 

The department of research in pure chem- 
istry occupies a suite of rooms in the Mellon 
Institute building? and its members are at 
liberty to draw on the material facilities of the 
institute on the same terms as the members of 


1 On the object and work of the Mellon Institute, 
see J. Ind. Eng. Chem., 7 (1915), 343. 

2 For a description of this building, see J. Ind. 
Eng. Chem., 7 (1915), 333. 
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the industrial section. Those of the graduate 
students who are granted the title of fellow in 
pure chemistry are considered by the Mellon 
Institute as equal in rank and privileges with 
the industrial research fellows. 

W. A. Hamor® 


FREDERIC WARD PUTNAM 


THE following minute on the life and serv- 
ices of Professor Putnam was placed upon the 
records of the Faculty of Arts and Sciences 
of Harvard University at the meeting of Oc- 
tober 26, 1915: 

Frederic Ward Putnam, son of Ebenezer and 
Elizabeth Appleton Putnam, was born in Salem, 
Massachusetts, April 16, 1839. His ancestors on 
both sides were early immigrants from England, 
the first American ancestor being John Putnam, 
who settled in Salem in 1640. The father, grand- 
father and great-grandfather of Professor Put- 
nam were all graduates of Harvard College, and 
the associations of his mother’s family had been 
close with the institution from its beginning. 

His early schooling was received in private 


‘schools and at home under his father’s tuition. 


At an early age he showed great interest in nat- 
ural history and had thoughts of devoting himself 
to scientific pursuits. Promised an appointment at 
West Point, however, he was preparing himself to 
adopt a military career, when Louis Agassiz met 
him at the Museum of the Essex Institute, and, 
recognizing in him a keen student, persuaded him 
to take up natural history as his life work. His 
preparation for the military profession was ac- 
cordingly abandoned, and he devoted himself at 
once to the study of birds, being made curator of 
ornithology in the Essex Institute in 1856. In the 
following year he was made assistant to Professor 
Agassiz, and entering the Lawrence Scientific 
School received the degree of S.B. in 1862. For 
a number of years after this, he continued his work 
in the study of animal life, as curator of verte- 
brates at the Essex Institute, of Ichthyology at 
the Boston Society of Natural History, and as as- 
sistant in the museum of comparative zoology at 
Harvard University. During these years he had 
also some experience in museum administration, as 
he was entrusted with the charge of the Museum 
of the Essex Institute and of the Museum of the 
East Indian Marine Society in Salem, and later 


3 Assistant to the director of the Mellon Insti- 
tute of Industrial Research. 
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was made director of the museum of the Peabody 
Academy of Science in the same city. In 1873 he 
was chosen to fill the important position of perma- 
nent secretary of the American Association for 
the Advancement of Science, an office which he 
held for twenty-five years. Professor Putnam’s 
connection with the association lasted through one 
of the most important periods in its life, and to his 
energy and administrative ability much of its sue- 
cess was due. 

Although it was in the field of natural history 
that Professor Putnam for many years carried on 
most of his work, his interest in archeology was 
early aroused. While attending the meeting of 
the American Association at Montreal in 1857, he 
discovered on Mt. Royal a small kitchen-midden, 
and was thus among the very first in this country 
to recognize the presence of the remains of pre- 
historic man. In 1874 Dr. Jeffries Wyman, the 
first curator of the Peabody Museum of American 
Archeology and Ethnology, died and Professor 
Putnam was appointed to take the place. Thus 
began his connection with the institution of which 
he was the director for over forty years. In 1886, 
he was made Peabody professor of American 
archeology and ethnology, and served as such until 
1909, when he joined the group of the emeriti. 
During the nearly half-century of his connection 
with the museum, he labored unceasingly to build 
up its collections, both by purchase and by ex- 
plorations in the field. He was one of the earliest 
to realize the need of archeological and anthropo- 
logical exploration, and to insist that careful field- 
notes and data are equally important with the 
specimens themselves. The great collections which 
he gathered and which place the museum in the 
forefront of the museums of this country, are a 
witness of his success. 

With the appointment to the Peabody pro- 
fessorship, Harvard University became one of the 
first institutions in the country to offer instruction 
in the field of anthropology and American archeol- 
ogy. Although always more active in museum and 
field-work than in teaching, Professor Putnam 
strove constantly to develop the instruction in his 
chosen science, from the time when, before any 
courses were offered, he had several voluntary stu- 
dents working under his direction, to the very last 
days of his life, when nearly a score of specialized 
courses were offered by the division of which ne 
had for so long been the -head. 

Striking as were the results of his work here at 
Harvard, his influence was literally nation wide, 
and he may justly be called one of the fathers of 
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anthropology in America, the others being Brinton, 
of Pennsylvania, and Powell, of Washington. In 
1892, he was made chief of the department of 
anthropology at the World’s Columbian Exposition 
at Chicago, and not only brought together what 
was probably the greatest archeological and anthro- 
pological exhibit ever gathered in this country up 
to that time, but collected by the aid of numerous 
collaborators a vast mass of data in regard to our 
native peoples which has not yet been fully worked 
up. The specimens so brought together for the 
Exposition became the nucleus of the present Field 
‘Museum of Natural History, which may thus be 
regarded as, in its origins, of his making. In 
1894 Professor Putnam was made curator of 
anthropology in the American Museum of Natural 
History in New York City, and for nearly ten 
years he applied to its administration and to the 
building up of its collections the experience he had 
gained in Cambridge and Chicago. It was again 
largely through his efforts that the University of 
California established a department of anthropol- 
ogy in 1903, and he held the position of professor 
of anthropology and director of the anthropolog- 
ical museum in that institution until his retirement 
in 1909. 

In his long life of scientific work, a great deal of 
Professor Putnam’s attention was necessarily de- 
voted to administrative and editorial duties, but he 
found time, nevertheless, for the writing of a large 
number of scientific papers, and the bibliography 
appended to the Anniversary volume presented to 
him in 1909 by his associates and students, con- 
tains something over four hundred titles. His 
membership in scientific societies, both at home 
and abroad, was extensive. In this country he was 
a member of the National Academy, the American 
Academy of Arts and Sciences, the American Phil- 
osophical Society, and a great many others; out- 
side the United States he was an honorary or cor- 
responding member of the anthropological societies 
of Great Britain, Paris, Stockholm, Berlin, Rome, 
Florence and Brussels, of the Royal Society of 


Edinburgh, and others of minor importance. In: 


1868 he received the degree of A.M. from Williams 
College; in 1894 the degree of S.D. from the Uni- 
versity of Pennsylvania; and in 1896, the Cross of 
the Legion of Honor from the French government. 

Professor Putnam was twice married: in 1864 
to Adelaide Martha Edmands of Cambridge, by 
whom he had three children, two daughters and one 
son. After her death, fifteen years later, he mar- 
ried in 1882 Ester Orne Clarke, of Chicago, who, 
with his three children, survives him. 


SCIENCE 


639 


To his students and associates Professor Putnam 
endeared himself by his kindliness and sympathy. 
For every one he had a cordial greeting and a 
pleasant word. He was ready always to give un- 
stintedly of his time, and so far as he was able, 
from his pocket, to any one who asked his aid. 
He had the gift of inspiring those with whom he 
came in contact with enthusiasm for research, and 
to few is it given to have so wide an influence. 
Until the very last years, the great majority of 
those in this country who were working in the 
anthropological field had been associated more or 
less closely with Professor Putnam, either as stu- 
dents or colleagues in the various institutions of 
which he had been a member. His loss, therefore, 
is widely felt, not only because he was an able ad- 
ministrator and the last of the three founders of 
anthropological study in this country, but also be- 
cause he had won the affections of so many as a 
teacher and a friend. 


SCIENTIFIC NOTES AND NEWS 

Proressor M. I. Pupry, of Columbia Univer- 
sity, will give a lecture on “The Problem 
of Aerial Transmission,” at the approaching 
meeting of the National Academy of Sciences. - 
The lecture will be given at the American 
Museum of Natural History, New York City, 
on the evening of November 15. 


AT the recent meeting of the Clinical Con- 
gress. of Surgeons of North America, at Bos- 
ton, Dr. J. M. T. Finney, of the Johns Hop 
kins University, was elected president. 


Dr. RicuHarp Mitts Pearce, professor of re- 
search medicine in the University of Penn- 
sylvania, received the degree of doctor of sci- 
ence from Lafayette College on October 20. 


Tue Geographical Society of Philadelphia 
presented on November 3 its Elisha Kent 
Kane medal to Professor Ellsworth Hunting- 
ton, of Yale University. Dr. Huntington 
gave a lecture on “Climate, Weather and 
Daily Life.” 

ACCORDING to a cablegram to the daily press 
from Stockholm it has been decided to award 
the Nobel Prize in medicine for 1914 to Dr. 
Robert Barany, of the University of Vienna, 
for his work in the physiology and pathology 
of the ear. 
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THE College of Physicians of Philadelphia 
announces that the Alvarenga prize for 1915 
has been awarded Dr. Joshua E. Sweet, 
Philadelphia, for his essay entitled “ The Sur- 
gery of the Pancreas.” 

M. Paut Pamnevé, professor of mathematics 
in the University of Paris and professor of 
mechanics in the Paris Polytechnic School, 
has been made minister of education in the 
new French cabinet. 

Tue French minister of war has appointed 
a consulting committee of experts on military 
aeronautics which includes M. Appell, who 
occupies one of the chairs of mechanics at the 
Sorbonne; M. Deslandres, director of the 
Meudon Observatory, and M. Kling, director 
of the Municipal Observatory. 

Surceon W. McCoy, now in charge of the 
leprosy investigations at the hospital at Mo- 
lokai, Hawaii, has been appointed director of 
the hygienic laboratory of the U. S. Public 
Health Service, succeeding Dr. John F. 
Anderson, who recently resigned. 

Dr. Sicismunp S. GoLpwaTerR retired this 
week from the post of health commissioner of 
New York City and is succeeded by Dr. 
Haven Emerson, deputy health commissioner. 

Mr. P. Baraccui has resigned as state as- 
tronomer of Victoria, and it is said that no 
appropriation will be made by the government 
for the Victorian Observatory at Melbourne. 

Proressor JOHN FerGcuson has retired from 
the regius chair of chemistry in the Univer- 
sity of Glasgow, to which he was appointed 
in 1874. 

Proressor Pouuirzer, of Vienna, the dis- 
tinguished otologist, has celebrated his eight- 
ieth birthday. 

Proressor Ernst NeuMANN, formerly di- 
rector of the pathologic institute in K6nigs- 
berg, and a well-known authority on diseases 
of the blood, celebrated the sixtieth anniver- 
sary of his doctorate on September 24. 

D. J. GuzMan has been appointed director 
of the Institute of Vegetal Pathology in Sal- 
vador, Central America, as organized under 
the ministry of agriculture of that govern- 
ment. 
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Dr. J. S. Catpwett, plant physiologist of 
the Alabama Experiment Station, has been 
appointed to a position as specialist in fruit 
by-products investigations at the Washington 
Experiment Station, State College of Wash- 
ington, Pullman. 

Dr. J. N. Rose, research associate of the 
Carnegie Institution of Washington, has re- 
turned from a five months’ exploration trip 
along the east coast of South America, where 
he made extensive botanical collections, espe- 
cially of cacti, ferns and mosses. His collec- 
tion consists of herbarium, formalin and 
greenhouse material, supplemented by nu- 
merous photographs. 

ANOTHER expedition to Japan and Korea 
has been undertaken by Associate Professor 
Frederick Starr, of the University of Chicago, 
who sailed from Tacoma by the Mezico Maru 
on October 7. His photographer and helper 
on the expedition will probably be Hambei 
Maebashi, of Tokyo. The expedition is 
planned to cover six months’ time, Professor 
Starr expecting to return to the university in 
time for the opening of the spring quarter in 
April, 1916. 

Proressor Henri T. Hus, of the botanical 
department of the University of Michigan, 
has been granted a three years’ leave of ab- 
sence from the university, beginning with the 
present college year, in order to enable him to 
accept a position with the United States Rub- 
ber Company in Sumatra. Professor Hus will 
take charge of experimental plant breeding 
work on the island. 

THE expedition under Captain Vilkitski in 
the ice-breakers Taimur and Vaigach, which 
last year started from Vladivostok to renew 
the attempt to reach Europe by the Arctic Sea 
north of Asia, and which wintered in 100° E. 
longitude off the Taimur peninsula, reached 
Archangel during September, having thus for 
the first time accomplished the complete north- 
east passage in the reverse direction from that 
folowed by the Vegg. 

We learn from Nature that the council of 
the Chemical Society, London, has arranged 
for three lectures to be delivered at the ordi- 
nary scientific meetings during the coming 
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session. The first of these lectures will be 
delivered on November 18, by Dr. E. J. Rus- 
sell, who has chosen as his subject, “ The Prin- 
ciples of Crop Production.” The titles of the 
two later lectures to be delivered on February 
3 and May 18, by Professor W. H. Bragg and 
Professor F. Gowland Hopkins, respectively, 
will be announced later. 


THE annual commemoration of the benefac- 
tors of the Royal College of Physicians of 
London took place on October 18, when the 
Harveian Oration was delivered by Dr. Sid- 
ney Coupland. The usual dinner was not held. 


A GRANITE boulder has been placed on the 
campus of Cornell University to serve as a 
memorial of the late Ralph Stockman Tarr, 
professor of geology and physical geography, 
1892-1912. The stone stands almost under 
one of the windows of the lecture room in 
McGraw Hall where Professor Tarr met his 
classes for many years. A bronze memorial 
tablet will be set into the eastern side of the 
boulder. The tablet has been designed by Mr. 
H. S. Gutsell, of the college of architecture. 
It will bear a portrait bust in low relief and 
the inscription: 

RALPH STOCKMAN TARR 
1864-1912 
Scientist—Writer—Teacher 


This boulder, a relic of the ice age, symbolic of 
his research in glacial geology and of the enduring 
value of his work, is placed here as a memorial 
of their friend and adviser by his students. 

NatHan FrepericK professor 
emeritus in the University of Vermont, died 
on October 26 at the age of sixty-six years. 
He was for thirty years professor of chemis- 
try in the University of Vermont. 


ANDREW Ferrari, a chemist known for re- 
search work in glass manufacture, died at 
Hartford, Conn., on October 26, aged seventy- 
Six years. 

Auice Gertrupe MoCuosxey, A.B. (Cor- 
nell, 08), assistant professor of rural educa- 
tion in the college of agriculture, Cornell Uni- 
versity, died on October 19. 


Dr. JoHN Meptey Woop, director of the 
Natal Herbarium and formerly director of the 
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Natal Botanic Garden, died on August 25, at 
the age of eighty-six years. 

Masor A. J. N. Tremearne, an Australian 
by birth, known for his publications on the 
anthropology of the African races, was killed 
in Flanders on September 25. 


Proressor Scumipt-Rimpter, formerly ordi- 


nary professor of ophthalmology, died at Halle, 
on September 23, aged seventy-seven years. 


Dr. TIEFENBACHER, emeritus professor of 
railway engineering in the Vienna School of 
Technology, has died at the age of seventy- 
two years. 


Accorpinec to Nature the third annual meet- 
ing of the Indian Science Congress will be 
held in Allahabad from January 13-15, 1916, 
when Sir Sidney Burrard, F.R.S., will be 
president. The chief sections will be physics, 
chemistry, zoology, botany, agriculture and 
ethnology, and the presidents of the respective 
sections Dr. Simpson, of the Meteorological 
Department; Dr. Sudborough, of the Research 
Institute, Bangalore; Dr. Woodland, of Alla- 
habad; Dr. Howard, of Pusa; Mr. Coventry, of 
Pusa; and Mr. Burn. It is hoped that the 
local committee will persuade Dr. Bose to give 
a public lecture on his own researches. The 
local secretaries for this year are Dr. Hill, of 
Muir College, and Mr. P. S. Macmahon, of the 
Canning College, Lucknow, to the latter of 
whom all communications should be addressed. 
The congress is under the general control of 
the Asiatic Society of Bengal. 


LeapinG Philadelphia physicians are working 
out a plan to make Philadelphia a great center 
of advanced research and study in medicine. 
More than one hundred physicians have joined 
the Cooperative Association for Post-graduate 
Teaching of Medicine, which is the temporary 
organization to bring about this advance in 
Philadelphia’s medical life. Dr. David Reis- 
man, 1715 Spruce Street, is chairman, and 
Dr. George P. Muelle’ 29 Pine Street, is 
temporary secretary. J. M. Anders is 
chairman of the executive committee, on which 
are the following physicians: W. M. L. Coplin, 
F. X. Dereum, P. B."Hawke, Edward Martin, 


Charles K. Mills, George P. Muller, R. M. 
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Pearce, David Reisman, W. L. Rodman and 
George E. de Schweinitz. The subcommittee 
on roster includes Ward Brinton, R. Max 
Goepp, F. C. Hammond, John A. Kolmer, 
R. V. Patterson, C. M. Purnell, W. J. Taylor, 
T. H. Weisenburg, A. D. Whiting and Samuel 
Woody. A central bureau with a permanent 
secretary is to be established. The preliminary 
work to be done includes tabulating the lecture 
courses, laboratory hours, hospital and dis- 
pensary hours and getting the cooperation of 
all medical schools and hospitals in the city so 
their doors will be open to the post-graduate 
student. 


At the annual meeting of the National Asso- 
ciation of Audubon Societies held recently in 
the American Museum of Natural History 
there was an exhibition of motion pictures by 
Mr. Herbert K. Job, who was sent by the asso- 
ciation on a tour of inspection of the bird 
reservations in Florida and Louisiana. 


In a report of the clay-working industry of 
the United States in 1914 by Jefferson 
Middleton, issued by the United States Geo- 
logical Survey, the value of the clay products 
of this country in 1914 are given as $164,- 
986,983—brick and tile $129,588,822 and pot- 
tery $35,398,161. This was a considerable de- 
crease compared with 1913, but as compared 
with the value for the last twenty years it 
shows a great growth in the industries. Com- 
pared with 1908 there was an increase of $31,- 
789,221. In only four years—1909, 1910, 1912 
and 1913—has the total value of clay products 
exceeded that of 1914. Considered by the 
average for five-year periods, which is perhaps 
the fairest comparison, as unusual conditions 
may occur in a single year, the average annual 
value of the clay products of the United States 
was: 1895-1899, $72,233,056; 1900-1904, $118,- 
135,826; 1905-1909, $153,838,231, and 1910- 
1914, $170,287,909. It will be seen that the 
value of the clay products of the country has 
considerably more than doubled in the last 
twenty years. With the revival of business, 
which is clearly indicated, the great clay- 
working industries, with the inherent supe- 
riority of their products for many uses, are 
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bound to come into their own, the halt of 1914 
being but a temporary setback which will be 
more than overcome in the near future. Clay 
products are made in every state. Of the terri- 
tories, Alaska and Hawaii reported none. The 
value of clay products ranged in 1914 from 
$5,974 in Porto Rico to $37,166,768 in Ohio. 
Ohio reported over one fifth of the value of 
clay products in 1914 and has been the lead- 
ing state since figures on this subject were first 
compiled by the Geological Survey in 1894. It 
is likely to maintain this position, as its out- 
put has always greatly exceeded that of the 
second state, Pennsylvania, and in 1914 this 
excess was $15,319,772, or over 70 per cent. 
Pennsylvania’s output in 1914 was valued at 
$21,846,996, or over one eighth of the total 
for the United States. New Jersey ranked 
third in 1914, with products valued at $16,- 
484,652. Illinois was fourth, with products 
valued at $13,318,953, and New York was fifth, 
with products valued at $9,078,933. Indiana 
was sixth; Iowa was seventh, exchanging places 
with Missouri, which was eighth; West Vir- 
ginia was ninth, exchanging places with Cali- 
fornia, which was tenth. The first ten states 
reported wares valued at $128,253,688, or 72.74 — 
per cent. of the total. The first five states re- 
ported wares valued at $97,896,302, or nearly 
60 per cent. of the total. 


UNIVERSITY AND EDUCATIONAL NEWS 


Mr. James J. Hitt has presented $125,000 
to Harvard University to be added to the 
principal of the professorship in the Harvard 
graduate school of business administration, 
which bears his name. The James J. Hill 
professorship of transportation was founded 
by a gift of $125,000, announced last com- 
mencement day, the donors including John 
Pierpont Morgan, Thomas W. Lamont, Rob- 
ert Bacon and Howard Elliott. 


Tue General Education Board announces 
that $100,000 has been given to Carlton Col- 
lege, Northfield, Minn., toward a fund of 
$400,000; $50,000 to Hobart College, Geneva, 
N. Y., toward a fund of $200,000; $200,000 to 
Lafayette College, Easton, Pa., toward a fund 
of $1,000,000, and $25,000 to Kalamazoo Col- 
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lege, Kalamazoo, Mich., toward a fund of 
$100,000. 

Tue trustees of the Joseph Bonnheim Me- 
morial Fund, founded in 1897 by Albert Bonn- 
heim and Fannie Bonnheim, of Sacramento, 
in memory of their son, have conveyed the en- 
tire property of the trust, now valued at ap- 
proximately $100,000, to the University of 
California. The income of the endowment 
will be devoted to scholarships in the Univer- 
sity of California for young men and young 
women. 

CoNSTRUCTION is about to begin on a labora- 
tory building, to cost $100,000, to be erected 
by the University of California on the new 
465-acre site just purchased by the Univer- 
sity of California, at a cost of $55,000, for its 
citrus experiment station and graduate school 
of tropical agriculture at Riverside. The di- 
rector of this work of agricultural research at 
Riverside is Dr. Herbert J. Webber, former 
professor of plant breeding in Cornell Uni- 
versity. 

Work has begun on the foundation for the 
five-story building of the Hunterian Labora- 
tory connected with Johns Hopkins Medical 
School. The new building is located at the 
corner of Wolfe and Madison Streets, will be 
50 by 100 feet and will cost about $65,000. 


New York University has added to its 
. graduate school courses in surgery by which 
it will be possible for graduate students to se- 
cure the advanced academic degrees of master 
and doctor of science. The course does not 
deal with the technique of surgical practise 
but with subjects such as the application of 
biological science to surgical diagnosis and 
therapy. 


Mr. JAMES Cote Roserts, of the United 
. States Bureau of Mines, Denver, has been ap- 
pointed to the Joseph Austin Holmes pro- 
fessorship of safety and efficiency engineering 
in the Colorado State School of Mines. 


Dr. Ropert S. Morris, formerly of the Johns 
Hopkins University, has been appointed to 
the Frederick Forchheimer chair of medicine in 
the medical department of the University of 
Cincinnati. 
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Dr. Ropert H. Mutu, director of the lab- 
oratories of the Minnesota State Board of 
Health and assistant professor of pathology 
and bacteriology at the University of Minne- 
sota, has accepted an offer from the Univer- 
sity of Nevada, at Reno, to take charge of 
the hygienic laboratories of that institution. 

Dr. H. G. Earte has been appointed pro- 
fessor of physiology at the University of 
Hong Kong. 

Dr. HERMANN JorDAN, docent in Tiibingen, 
has been called as associate professor of com- 
parative physiology in Utrecht, as successor 
to the late Professor A. A. W. Hubrecht. 

Proressor BENECKE, of the Berlin Agricul- 
tural School, has been called to the chair of 
botany at Miinster, as successor to Professor 
Correns. 

Dr. Boris ZARNIK, associate professor at 
Wiirzburg, has accepted the professorship of 
zoology at the University of Constantinople. 


DISCUSSION AND CORRESPONDENCE 
ELECTROMOTIVE PHENOMENA AND MEMBRANE 
PERMEABILITY 


In his very interesting presidential address, 
printed in Science, Professor Bayliss’ discusses 


~ among other things the origin of electromotive 


forces in living cells. In this discussion Pro- 
fessor Bayliss adopts the theory, originally sug- 
gested by Ostwald and elaborated by Bern- 
stein, R. Lillie and Hober, that the E.M.F. 
observed in living tissue is due to a selective 
ion permeability in the sense that normally 
only cations are able to diffuse through the 
membrane, but that if the membrane is in- 
jured or if a cell is active its membrane be- 
comes also permeable for anions. As a conse- 
quence of this increase in permeability the 
spot where this happens must become negative 
if compared with a spot of normal or resting 
tissue. To quote Professor Bayliss: 

I referred previously to the electrical change in 
excitable tissues and its relation to the cell mem- 
brane. It was, I believe, first pointed out by Ost- 
wald and confirmed by many subsequent investi- 
gators, that in order that a membrane may be im- 
permeable to a salt it is not a necessary condition 
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that it shall be impermeable to both the ions 
into which this salt is electrolytically dissociated. 
If impermeable to one only of these ions, the other, 
diffusible, ion can not pass out beyond the point 
at which the osmotic pressure due to its kinetic 
energy balances the electrostatic attraction of the 
oppositely charged ion, which is imprisoned. 
There is a Helmholtz double layer formed at the 
membrane, the outside having a charge of the 
sign of the diffusible ions, the inside that of the 
other ions. Now, suppose that we lead off from 
two places on the surface of a cell having a mem- 
brane with such properties to some instrument 
capable of detecting differences of electrical po- 
tential. It will be clear that we shall obtain no 
indication of the presence of the electrical charge, 
because the two points are equipotential, and we 
ean not get at the interior of the cell without de- 
stroying its structure. But if excitation means 
increased permeability, the double layer will dis- 
appear at an excited spot, owing to indiscriminate 
mixing of both kinds of ions, and we are then 
practically leading off from the interior of the 
cell, that is, from the internal component of the 
double layer, while the unexcited spot is still led 
off from the outer component. The two contacts 
are no longer equipotential. Since we find experi- 
mentally that a point at rest is electrically posi- 
tive to an excited one, the outer component must 
be positive, or the membrane is permeable to cer- 
tain cations, impermeable to the corresponding 
anions. Any action on the cell such as would 
make the membrane permeable, injury, certain 
chemical agents, and so on, would have the same 
effect as the state of excitation. If we may as- 
sume the possibility of degrees of permeability, 
the state of inhibition might be produced by de- 
crease of permeability of the membrane of a cell, 
which was previously in a state of excitation owing 
to some influence inherent in the cell itself or 
coming from the outside. This manner of ac- 
counting for the electromotive changes in cells is 
practically the same as that given by Bernstein. 


The suggestion of Ostwald was questioned by 
physical chemists, e. g., Walden, Tammann 
and Nernst. Recent experiments carried on 
in the writer’s laboratory have shown that the 
attempt to explain the E.M.F. in tissues by 
the idea of a selective ion permeability and its 
changes (which the writer had originally also 
adopted) is neither tenable nor necessary. 
Space permits to point out only a few of the 
reasons for this statement. 
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1. Loeb and Beutner found that if we lead 
off from two places on the surface of an intact 
plant leaf (e. g., rubber plant) or fruit (e. g., 
apple) with two solutions of the same electro- 
lyte but of different concentration, the lower 
concentration is always positive to the higher; 
and the E.M.F. depends upon the ratio of the 
two concentrations as expressed by Nernst’s 
well-known formula. In the most ideal objects 
for this purpose the E.M.F. corresponds quan- 
titatively to Nernst’s formula. In all cases a 
spot of tissue (no matter whether plant or 
animal) in contact with distilled water is posi- 
tive if compared with a spot in contact with a 
physiological salt solution or a Ringer solu- 
tion.” 

According to the theory of Bernstein, which 
Bayliss adopts, a spot of muscle or leaf in con- 
tact with distilled water should be negative to 
a spot in contact with a physiological salt solu- 
tion, since we know that distilled water causes 
an increase in permeability. This increase in 
permeability is shown not only by the facts of 
cytolysis, but also by direct observations on the 
eggs of Fundulus in the writer’s floating ex- 
periments. Thus one of the most general phe- 
nomena in electrophysiology contradicts the 
theory of selective ion permeability. 

The experiments of Beutner and of Loeb 
and Beutner have shown that the E.M.F. which 
appear at the surface of living tissues can be 
imitated if we bring a watery salt solution in 
contact with a substance immiscible in water, 
such as lecithin or oleic acid (which for experi- 
mental purposes was dissolved in guaiacol).° 
According to Beutner’s theory* traces of the 
salts are soluble in the water immiscible phase 
and one ion combines here with an anion or 
cation (or both combine in the case of an 
amphoteric electrolyte). The common ion of 
the salt in the water and of the water immis- 


2Loeb, J., and Beutner, R., Biochem. Ztschr., 
1912, XLL., p. 1: 

3Loeb and Beutner, Biochem. Ztschr., 1913, 
LL, p. 288; 1914, LIX., p. 195. 

4Beutner, Ztschr. f. physik, Chem. 1914, 
LXXXVIL., p. 385; Jour. Am. Chem. Soc., 1914, 
XXXVL., pp. 2,040 and 2,045. 
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cible salt determines the E.M.F. On the basis 
of this assumption Beutner has been able to 
explain the observed phenomena thermo- 
dynamically, and his theory accounts for all 
E.M.F. at phase boundaries. 

It follows from this theory that a spot of 
tissue in contact with distilled water should be 
positive to one in contact with a physiological 
salt solution, which is actually the case. 

It was known that if we lead off from two 
spots of a muscle with a KCl and NaCl solu- 
tion of the same concentration, the spot in 
contact with KCl appears negative to that in 
contact with NaCl. Loeb and Beutner could 
show that this was also true for the boundary 
between oleic acid or lecithin and salt solutions, 
and it was explained by Beutner on the as- 
sumption (which could be verified) that KCl 
is more soluble in the water immiscible phase 
than NaCl, that the Cl combines with some 
constituent of the water immiscible phase, and 
that the Cl ion, being the common ion, deter- 
‘mines the E.M.F. 

2. It is well known that an injured spot of 
a tissue is negative to a non-injured spot (cur- 
rent of injury), and this is explained on the 
basis of Bernstein’s or Bayliss’s theory by as- 
suming that the specific cation permeability 
of the membrane is abolished by the injury 
and that the anions will also reach the outer 
boundary of the injured spot. Loeb and 
Beutner have published experiments which 
show that the so-called current of injury has 
nothing to do with an alteration of permeabil- 
ity, but that it is in all probability due to the 
existence of an internal E.M.F. situated at the 
internal boundary of the membrane.® If it is 
true that the junction of the outer boundary 
of an organ, e. g., an apple, with a salt solu- 
tion must become the seat of an E.M.F., the 
same must be true for the boundary of the 
membrane with the internal liquids of the 
tissues containing electrolytes. If we could 
show that this internal E.M.F. is generally 
smaller than the E.M.F. at the outside sur- 
face when we lead off from the latter with a 
physiological salt solution, the so-called current 


5Loeb and Beutner, Biochem. Ztschr., 1912, 
XLIV., p. 304, 
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of injury would find a simple explanation. As 
a matter of fact, acids, KCl, and other sub- 
stances give rise to negative potentials if com- 
pared with that of a physiological salt solu- 
tion of the same concentration, and it is quite 
possible that such a solution exists at the 
inner boundary of the membrane. When we 
lead off from two intact spots on the surface 
of an organ we do not notice the existence of 
the internal potentials, since they are opposite 
and equal; but if we destroy the membrane 
on one spot and lead off from this spot and 
from an intact spot of the skin the injured 
spot must be negative to the normal spot, since 
in reality we measure in this case the differ- 
ence between the outer and the inner potentials 
of the membrane. The idea that such a layer 
exists at the internal surface has received sup- 
port by a series of experiments by Loeb and 
Beutner, some of which may be mentioned. 
When we cut an apple in two and lead off with 
salt soluti-ns of the same kind and concentra- 
tion from the intact outer surface and from the 
cut, the cut is negative, as was to be expected. 
When we remove more and more of the flesh 
of the apple, while leaving the skin unaltered, 
the difference of potential between outside skin 
and cut surface at first remains unchanged; 
but if we remove so much that the salt solu- 
tion (with which we lead off from the cut 
surface to the measuring instrument) reaches 
the internal surface of the rind, the E.M.F. 
between the intact and injured part of the - 
apple becomes less and finally disappears. In 
this case the salt solution replaces, in our opin- 
ion, the natural layer of liquid on the inner 
surface of the skin. 

When we press the skin of an apple on one 
spot with the soft part of our finger without 
causing an abrasion of the skin, that spot be- 
comes negative to a non-pressed spot; and yet 
we can show that the permeability of the skin 
is intact. This can be shown by the fact that 
the concentration effects produced by applying 
solutions of different concentrations are still 
the same as in any intact part of the skin; 
while this is no longer the case if we cause an 
abrasion. The explanation which we ventured 
to give for the fact that the pressed spot be- 
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comes negative was that the pressure displaces 
the layer of acid or any other substance which 
may be responsible for the inner potential, and 
replaces this substance by the juice pressed 
out from some of the soft cells of the flesh of 
the apple, but without altering the permeability 
of the skin. 

Under these conditions the fact that the 
active part of a tissue becomes negative to a 
part at rest finds its simple explanation on 
the assumption that in the active part of the 
tissue substances are formed which temporarily 
alter the potential at the inner surface in such 
a sense as to make the outside on that spot ap- 
pear more negative. There is no necessity for 
assuming any increase in the permeability of 
the skin. 

Jacques LozB 

THE ROCKEFELLER [NSTITUTE FOR 

MEDICAL RESEARCH, 
New York 


WHAT IS HELLENISM ? 


Ir would usually be both foolish and un- 
grateful to criticize the choice of illustrations 
used by a lecturer in an attempt to make 
clearer a worthy proposition. When, however, 
the illustration is in very common use, though 
more often in another manner, when it is sure 
to remain in common use, and when moreover 
it has great and positive value, its misuse is 
dangerous enough to merit attention. The 
address of Professor Harrison, published in 
Science of October 23, 1914, urges us to make 
science of practical value. We may all well 
do what we can to share and spread the motive 
and accomplish its aim. In this address, Pro- 
fessor Harrison contrasts Hellenism and 
Hebraism, apparently in the sense that Hellen- 
ism typifies clear thought, and Hebraism vigor 
in practise. We are all familiar with the con- 
trast of Greek and Hebrew culture, in which 
the former represents reason, and the latter 
faith, as the guiding. principle of conduct. 
Professor Harrison’s contrast strikes me as 
both novel and unsound. 

The Hellenic culture which has influenced 


_ subsequent civilization was essentially the cul- 


ture of Athens. The usual idea of Athenian 
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culture is that it was characterized by marvel- 
lous activity. As to the culture typical of 
Athens, we can go back to the greatest Greek 
historian, and as to Greek ideals, to the great- 
est Greek philosopher, both of them men whose 
works are still commonly regarded as pre- 
eminent in their fields. The opinion of Thu- 
cydides with regard to the Athenians igs ex- 
pressed over and over. In Chapter III. of 
Book I., he puts his views into the mouth of 
the envoy of Corinth, who is addressing an 
assembly in Sparta: 

The Athenians are addicted to innovation, and 
their designs are characterized by swiftness alike 
in conception and execution; you have a genius 
for keeping what you have got, accompanied by 
a total want of invention, and when forced to act 
you never go far enough. Again, they are adven- 
turous beyond their judgment, and in danger they 
are sanguine; your wont is to attempt less than is 
justified by your power, to mistrust even what is 
sanctioned by your judgment, and to fancy that 
from danger there is no release. Further, there is 
promptitude on their side against procrastination 
on yours; they are never at home, you are never 
from it: for they hope by their absence to extend 
their acquisitions, you fear by your advance to en- 
danger what you have left behind. They are swift 
to follow up a success, and slow to recoil from a 
reverse. Their bodies they spend ungrudgingly in 
their country’s cause; their intellect they jealously 
husband to be employed in her service. A scheme 
unexecuted is with them a positive loss, a success- 
ful caterprise a comparative failure. The defi- 
ciency created by the miscarriage of an undertak- 
ing is soon filled up by fresh hopes; for they alone 
are enabled to call a thing hoped for a thing got, 
by the speed with which they act upon their reso- 
lutions. Thus they toil on in trouble and danger 
all the days of their life, with little opportunity 
for enjoying, being ever engaged in getting: their 
only idea of a holiday is to do what the occasion 
demands, and to them laborious occupation is less 
of a misfortune than the peace of a quiet life. To 
describe their character in word, one might truly 
say that they were born into the world to take no 
rest themselves and to give none to others. 


The ethics of Aristotle represents happiness 
as the goal of human effort, and work as abso- 
lutely indispensable to happiness. No single 
quotation would give an adequate idea of the 
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insistency with which the importance of activ- 
ity is emphasized. Even where amusement is 
recognized as sometimes worth while, and rest 
as sometimes necessary they are countenanced 
only because constant work is, in experience, 
impossible. 

Rest, therefore, is not an end, because it is 
adopted with a view to working afterwards. 


Happiness itself is repeatedly defined as “a 
working in the way of excellence.” When 
Aristotle finds the highest happiness in intel- 
lectual contemplation, he explicitly justifies 
himself on the ground that intellectual con- 
templation is itself the exercise of the highest 
of human faculties, of that of the mind. Aris- 
totle hardly pauses upon this point, before he 
goes forward to point out that the thoroughly 
wise man must proceed, if he would achieve all 
the happiness within his reach by making his 
wisdom effective, to do exactly what Pro- 

‘fessor Harrison is urging, to interest himself 
in public affairs, and thus find for his wisdom 
the greatest possible usefulness. The politics 
and ethics of Aristotle are tied together by this 
dependence of the highest happiness of the 
truly wise man upon public activity. 

With the Greek historian and the Greek 
moulder of the world’s thought on record as 
they are, it would be superfluous to quote, as 
might be done, from many other Greeks; and 
Greek history is too generally familiar to make 
it worth while to refer to the wealth of Greek 
achievement. As the histories of the two peo- 
ple are usually read, Hebrew culture and his- 
tory were, in comparison with the Greek, noth- 
ing but an almost unbroken oriental slumber. 
The single great Hebrew achievement was the 
enunciation of faith. 

Greek ideals are constantly urged, and Greek 
examples constantly held before us. If we 
were to let ourselves imagine that the accept- 
ance of these ideals and these examples involve 
any kind of inactivity, it would be a calamity. 
The trend of human views and human ideals 
has for a long time been away from the 
Hebrew, and toward the Hellenic. It is not 
Hebraism which is just now “exuberant.” 
There is rather too little willingness in the 
world to-day to trust any light, if its source 
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lies beyond our reach. But it is a most im- 
perfect form of Hellenism which is “ exub- 
erant.” Greek activity was intellectual enough 
to keep its aims, even: the most ultimate, 
fairly well in view. A very large part of mod- 
ern activity is so blind to any aims, except 
the most immediate, that it has no means of 
testing the validity and worthiness of even 
such aims. as are within its vision. Greek 
thought kept happiness in view as the goal of 
effort, and examined this goal with such care 
that Greek opinion concerning it is very gen- 
erally held to-day by those who are familiar 
with Greek opinion. Modern thought has 
added amazingly little to Greek views. 

Knowledge has been making amazing strides. 
But aside from medicine, modern knowledge 
contributes infinitely less than it should to the 
attainment of the ultimate goal. I do not 
know that the world was happier at any past 
time than it is now, but am very sure that 
there is very far from being the happiness now 
that there ought to be. The advance in 
knowledge during the past half century has not 
been accompanied by any corresponding devel- 
opment of happiness. Indeed, we do need to 
exert ourselves to make our knowledge worth 
while. We should study to understand what 
happiness is, and how we can make our activ- 
ities effective in achieving it. When we do 
this, each in such measure as he can, we shall 
act according to the best Hellenic ideals, 
ideals not merely held by the Greeks, but ex- 
pressed by them more perfectly, I believe, than 
has ever been done since. 

E. B. 
COLLEGE OF AGRICULTURE, 
Los BaNos, P. I. 


UNIVERSITIES AND UNPREPAREDNESS 


THE majority of persons are so absorbed in 
the events of the European war that little at- 
tention is paid to the consideration of methods 
by which this nation could coordinate and use 
its intellectual resources to the best advantage 
in making some positive contribution towards 
the rehabilitation of civilization. We should 
expect the universities to be keenly alive to 
the necessity for supplying the leaders of 
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thought essential in preparing the way for a 
new era, but these institutions are seriously 
hampered by a narrow provincialism and are 
generally quite willing to sacrifice national 
interests to the interests of their own alumni. 

The following letter has been written in the 
hope that those who read it may be induced to 
express their views upon the methods available 
for curing our universities of that infirmity of 
spirit which is a symptom of the national 
malady of general unpreparedness for either 
war or peace. 


PRINCETON, N. J., October 1, 1915. 

Dear Sir: The present crisis in civilization has 
brought this country face to face with many new 
and grave responsibilities. We have suddenly 
awakened to an increased sense of appreciation 
of the need of adequate protection against in- 
vasion, of greater facilities for insuring the scien- 
tific development and extension of industry and 
commerce, of promoting research and scholarship, 
and of eventually developing a culture which will 
contain dynamic power sufficient to hasten the 
spread of the spirit of malice towards none and 
charity for all. 

The people of the United States are now vaguely 
considering the possibility of making a contribu- 
tion of permanent value to the cause of civiliza- 
tion, but substantial progress in this direction 
can only be gained under other standards of lead- 
ership, and by the dissemination of higher ideals 
than those hitherto exhibited by older civiliza- 
tions. The task is an enormous one. Advance 
towards a newer civilization will tax human intelli- 
gence to the uttermost. _ 

What active preparation are our universities 
making to assume their share in this great move- 
ment? 

An extraordinary opportunity exists—one rich 
in possibilities, not only for coordinating but for 
strengthening the intellectual forces of the nation. 
World-problems must be solved in a world-spirit. 
Is not this the moment to break away from the 
narrow provincialism which interferes with the 
active participation of our universities in the gen- 
eral advance? 

This provincialism is manifested in the form of 
administration of university affairs which allows 
the imposition of ideals entertained by those 
alumni who appraise the value of their alma mater 
in terms of sentimental attachments without con- 
sidering the relation of the institution to the na- 
tion and to the intellectual life of the people. 
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For some years I have been trying to analyze 
conditions which seem to handicap the universities 
seriously in their effort to stimulate and direct 
the thought of the nation. In this connection | 
should consider it a favor if you would reply to 
the following questions: 

1, Can you suggest a method by which a freer 
interchange of opinion and criticism between uni- 
versities might be effected? 

2. How can we combat the obsessions and over- 
valued ideas that are the common accompani- 
ments of emotional reactions associated with ath- 
letic contests and which make it extremely difii- 
eult to substitute the national for the provincial 
ideal in university administration? 

3. Do you believe that a broader and more in- 
telligent spirit would be introduced into the ad- 
ministration of affairs if the principle was car- . 
ried into practise of adding faculty representa- 
tives, including those from other universities, to 
each board of trustees or overseers? 

4. Have you any suggestion to offer in regard to 
the changes in the present form of organization so 
that the administration of the finances and the 
formulation of the educational policy should not 
be under the control of a single board of trustees? 

Thanking you for the courtesy of a reply, I am, 


Respectfully, 
STEWART PATON 
PRINCETON, N. J. 


SCIENTIFIC BOOKS 


The Mutation Factor in Evolution with Partic- 
ular Reference to Enothera. By R. 
Gates, Ph.D., F.L.S. London, 1915. Mac- 
millan and Co. Pp. xiv-+ 353. Price $3.25. 
Dr. Gates has been a prolific contributor to 

the already very extensive literature on ceno- 

theras, and this book will be a welcome sum- 
mary of his views as expressed and modified 
through a long series of papers. 

Following the “ Introduction” is a chapter, 
accompanied by a map, on the “ Character and 
Distribution of the CEnotheras,” in which 
structural features and life habits are described 
and a list of twenty-eight species given with 
synonymy and accounts of their distribution. 
The fact that twelve species are appended to 
this list without discussion indicates how rapid 
is the progress being made, chiefly through the 
studies of Bartlett, to our knowledge of the 
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(nothera taxonomy and how circumscribed 
is our present horizon. Every years adds some 
new species which have been tested in the ex- 
perimental garden, the only safe way of deter- 
mining for most of the cnotheras their true 
characters and justifying the publication of 
species. With these conditions in the group 
some years must elapse before we shall be in a 
position to take a general survey of the field. 

A chapter on “The Cultural History of 
(Enothera” presents an interesting account of 
the pre-Linnwan references to cenotheras with 
a number of figures reproduced from old works. 
This account leads up to a discussion of the 
origin and status of (nothera Lamarckiana, 
a matter of fundamental significance in any 
consideration of the value of this plant as 
representative of a mutating species. Gates 
accepts without qualifications the opinion of 
De Vries that Lamarckiana was collected in 
America by André Michaux about the end of 
the eighteenth century. The evidence for this 
view rests on a specimen in the Muséum 
@Histoire Naturelle at Paris. The photo- 
graph of this plant published by De Vries and 
only figured in part by Gates shows a plant 
with narrow-lanceolate leaves strongly petioled, 
narrow bracts, and very long sepal tips. That 
this plant could have been related to Lamarck- 
tana with its ovate-lanceolate leaves almost 
sessile, broader bracts, and shorter sepal tips 
seems to me scarcely possible, and I venture to 
believe that neither Bartlett nor Shull, both 
(Enothera specialists, will follow De Vries in 
this identification. 

Accepting this identification of De Vries, 
Gates finds no difficulty in believing that 
Lamarckiana, as a native American species, 
established itself on the Lancashire coast of 
England previous to 1800, and that the figure 
of Sowerby, 1806, is of this plant in spite of 
the fact that the flowers as drawn are not so 
large as those of Lamarckiana, the position of 
the stigma not so high, and that no mention is 
made in the description of the very conspicu- 
ous red papille upon the stem. An alternative 
possibility that the plant of Sowerby was a form 
related to biennis finds no favor with Gates. 
The chapter concludes with accounts of a 


SCIENCE 


649 


number of races of Lamarckiana now in culti- 
vation or otherwise recognized. Gates accepts 
with De Vries the suggestion that the source 
of the Lamarckiana introduced into cultivation 
by Carter and Company about 1860 may have 
been not Texas, as they state, but England. 

Chapters IV. and V. give descriptions of the 
“mutation phenomena” in Lamarckiana and 
other species and include observations of his 
own as well as those of De Vries and other 
authors. There is also described in these 
chapters the results of many breeding experi- 
ments involving the “mutants” as parents. 
These chapters should be read with the follow- 
ing points in mind as reservations of prime im- 
portance for judgment on the deductions. 
Recent work has shown that the germination 
of very many seeds of cenotheras is usually 
delayed far beyond the time generally allowed 
by the preservation of seed pans. Although 
the facts of delayed germination and seed 
sterility have been recognized, few investigators 
have taken the trouble to make counts of the 
seeds sown and until recently none have ob- 
tained complete germination as established by 
experimental methods properly checked through 
the examination of the residue of sterile seed- 
like structures. Consequently we can not feel 
confident that the records of any cultures of 
(Enothera so far reported are complete for 
their possible progeny. The percentages cal- 
culated for “ mutants ” and the ratios of classes 
in breeding experiments can not be accepted 
as final in exact genetical work. We are not 
in a position even to guess what may be the 
changes of front when exact data become 
available. 

In Chapter VI., on the “ Cytological Basis of 
the Mutation Phenomena,” will be found an 
account of Gates’s own contributions in cytology 
which have been noteworthy. A good descrip- 
tion of the reduction divisions in the pollen 
mother-cells paves the way for the discussion of 
irregularities in the distribution of chromo- 
somes whereby gametic nuclei may be formed 
with more or with fewer chromosomes than 7, 
the normal number. From such gametes, fer- 
tile zygotes are occasiofially formed that give 
rise to cenotheras with high counts of chromo- 
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somes of which the lata and semi-lata types 
with 15, the semi-gigas with 21 and the gigas 
with 28 chromosomes, respectively, are the best 
known. Gates gives a clear account of his 
important studies on lata and comprehensive 
discussions of triploidy and tetraploidy, the 
latter with a long list of genera with species in 
which the chromosome number has _ been 
doubled. It is not likely that there will be 
disagreement with Gates’s chief conclusion 
that the characters of these plants are corre- 
lated to some extent with the peculiarities of 
their chromosome counts, which are above the 
normal 14, and that some of the variants from 
Lamarckiana and other species, called “ muta- 
tions ” are due to irregularities in the distribu- 
tion of their chromosomes. 

However, certain features of the chromosome 
behavior at the time of reduction in the species 
studied by Gates are not discussed from all 
points of view. Gates emphasizes the fact that 
in the cnotheras studied by him the pairing 
of the chromosomes previous to the reduction 
division is very loose, so that mechanical ar- 
rangements favor the irregularities of distribu- 
tion which actually occur. In these observa- 
tions other students of (nothera cytology 
agree for Lamarckiana and some of its “ mu- 
tants ” and for certain other forms. But Gates 
assumes that this peculiarity, 7. e., a loose pair- 
ing of chromosomes, is a condition prevalent 
among cnotheras in general, including those 
which he believes to be pure species, and that 
the forms of this genus depart from the rule, 
supported by an overwhelming mass of evi- 
dence, that in pure species there is a very exact 
pairing of chromosomes previous to the reduc- 
tion divisions. Studies among such animals 
and plants as have a series of chromosomes of 
different sizes and forms have shown a most 
remarkable association of these in strictly 
homologous pairs, and the presumption is justi- 
fied that a pairing of homologous chromosomes 
at the time of reduction is the rule in pure 
species. 

One @nothera is known, namely, a line of 
grandiflora, in which the chromosomes follow- 
ing synapsis become associated very definitely 
into ring-shaped pairs which are assembled in 
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a very orderly manner at the equatorial plate 
of the reduction division and are subsequently 
distributed in equal numbers by the separation 
of the members of each pair. This is a history 
entirely in accord with that generally reported 
for animals and plants and the conditions allow 
of little or no opportunity for irregularities of 
chromosome distribution. Now it also happens 
that the seeds of this line as recently tested are 
almost wholly fertile and that there is scarcely 
more than a trace of pollen sterility. In short, 
this line with respect to its fertility and to the 
regularity of its reduction process presents the 
behavior to be expected of a pure species. 
Since one line of nothera is regular in its 
behavior, there are probably other lines equally 
so, and these may prove to be the species purest 
of all the enotheras in their genetical consti- 
tutions. They have not yet been studied either 
cytologically or through breeding experiments. 
On the other hand, Lamarckiana and certain of 
its derivatives, types of very low seed and pollen 
fertility, irregular in their reduction divisions, 
and extraordinary in their breeding habits, 
have been given much attention and assumed 
by the mutationists to be representative of pure 
species. In the face of these exceptional pecul- 
iarities the natural assumption until other- 
wise disproved should be that Lamarckiana 
and these derivatives are not pure species and 
that the irregularities of their cytological and 
breeding habits are the result of a hybrid con- 
stitution. This is a phase of the matter which 
Gates does not consider. 

A long chapter on “ Hybridization” and 
one on the “ Relation between Hybridization 
and Mutation” discuss the nature of muta- 
tion crosses, Mendelian splitting, blending and 
modification of characters, twin hybrids, double 
reciprocal crosses, etc. There is summarized 
here the most important of Gates’s breeding 
studies, including those between grandiflora 
and rubricalyx. So far as the statements of 
ratios and percentages are concerned, the criti- 
cism of course applies here as to all past 
nothera work that we have no assurance of 
complete results since there is no means of 
knowing what proportion of the seeds sown 
was fertile or how imperfectly representative 
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may have been the cultures due to incomplete 
germination. One can not feel confident that 
the results were more than glimpses of the 
genetical possibilities and under these condi- 
tions speculation loses its point. We are not 
likely to be in a position to discuss satisfac- 
torily the problems of @nothera genetics until 
new series of experiments are undertaken with 
methods whereby the germination of seeds is 
forced to a finish. 

Gates makes an attack on the extreme views 
of certain Mendelian writers who have held 
so strongly to a principle of the conservation 
or fixity of factors that they do not allow of 
their modification even through crossing. It 
may be doubted whether this group of Men- 
delians is really a large one, but so far as they 
do exist the criticisms of Gates are likely to 
have the sympathy of his readers. It is, how- 
ever, one thing to recognize the complexity 
and possible instability of protoplasm as to 
its stereochemistry and quite another to hold 
that stereochemical changes within a pure spe- 
cies can produce such great modifications of 
morphological structure as the mutationists 
would have us believe. And the cenotheras are 
so strongly under suspicion of genetic com- 
plexity through hybridism that we have a right 
to expect that evidence for mutation from this 
group will be most critically sifted and only 
employed where it is found in material of 
proven purity. 

One may be Mendelian, firmly believing in 
the principle of segregation following an F, 
generation which is the principal tenet of Men- 
delism, and still admit the probability of modi- 


_ fications from time to time of the stereochem- 


istry of germ plasm even in so-called “ pure 
lines.” That such changes may result in spon- 
taneous modifications of structure seems rea- 
sonable on philosophical grounds and such 
modifications would constitute mutations since 
they are discontinuous. But it remains to be 
proven that such modifications affect changes 
in morphology to the degree claimed by the 
mutationists, although it may well be possible 
that numerous small mutations would in time 
have a cumulative effect readily recognized. 
Thus advances in evolution may come about 
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through numerous small steps, as held by 
Darwin, and some of these may be mutations, 
but it seems probable, as so strongly argued by 
Weismann, Lotsy and others, that the chief 
causes of variation in higher animals and 
plants and the most important directions of 
evolution are determined through the mixing 
of diverse germ plasms with their complex 
interactions. Modifications of germ plasm 
through crossing, and mutations due to ex- 
ternal chemical and physical factors, would be 
expected at times to work simultaneously, and 
in such cases it may become a difficult matter 
to distinguish their separate effects. Muta- — 
tions even though small in degree would, how- 
ever, if sufficiently numerous, work in time 
profound modifications of structure, and on 
this common ground the mutationists and the 
followers of Darwin seem to have the strongest 
hopes of reaching an agreement. 

The final chapters, “ A General Theory of 
Mutations” and “The Evolutionary Signif- 
icance of Mutations,” continue and elaborate 
the discussion which runs through the previous 
pages and thus largely summarize or expand 
the author’s views. A bibliography of about 
500 titles, of which 42 are by Gates, completes 
the work. 

M. Davis 


A Text-book of Zoology for Universities, Col- | 
leges and Normal Schools. By THomas 
Watton Gatitoway, Ph.D., Litt.D., Pro- 
fessor of Biology in the James Millikin Uni- 
versity. Third edition, revised. P. Blakis- 
ton’s Son & Company, Philadelphia. 

It fell to the lot of the present writer to 
undertake a review of the first edition of this 
book? which was published in 1906. In paper, 
typography, binding, etc., the book is well made 
and attractive to look upon, a very deserved 
compliment to the publishers, who seldom 
allow anything inferior in the way of book- 
making to emanate from the house. 

Intrinsically there is little change over the 
first edition, aside from the addition of some 
four chapters comprising about sixty-five pages 
more than the former book. The same plan 
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of treatment which characterized the former 
has been continued. A slight change in the 
title, the former having been “ A Text-book for 
Secondary Schools, Normal Schools and Col- 
leges,” may possibly reflect somewhat of the 
well-meant criticism of the reviewer, possibly 
some slight change of attitude on the part of 
the author, touching the attempt to comprise 
so large a scope of utility for a single book. 
The principal feature of the new edition call- 
ing for mention is that comprising the added 
chapters already referred to. These the author 
designates a “third part, a group of synthetic 
chapters (XXVI.—X XIX.) to induce the stu- 
dent to gather up the details of his course by 
a new reorganization of the materials.” The 
captions of the chapters will indicate their 
scope. Chapter XXVI., “The Doctrines of 
Evolution and Related Ideas,” among which 
are heredity and Mendelism. Chapter XXVIL., 
a very interesting one, is devoted to “ Economic 
Zoology,” including such features as “ Animals 
as a Food Supply, Animals as a Source of 
Clothing for Man, Animals in Science and 
Medicine,” ete. Chapter XXVIII., “ Develop- 
ment of Zoology,” is a brief summary of the 
history of zoology, including the “Greek and 
Roman Periods, the Middle Ages, Modern Pe- 
riod and Its Specializations,” and ending with 
sections of the “Philosophy of Biology, and 
Applications of Biology.” 

It is a matter of regret that some of the 
errors pointed out in the previous edition have 
been allowed to go uncorrected. For example, 
the obvious error in the description of expanded 
and contracted conditions of Vorticella in Fig. 
70 (68 of the first edition). Perhaps the error 
was so obvious as to be regarded beyond the 
necessity of correction, assuming that every 
one concerned would make it for himself! 
Again, the pleasing bit of biological fiction in- 
volved in the symbiotic relations of certain 
hydroids and the hermit crab, that “ the polyps 
cover up the shell occupied by the crab, thus 
concealing it from its enemies and its prey,” 
the unwarranted assumption of which was 
shown in the former review, remains in spite 
of reviewer, or well-known facts to the con- 
trary. In this connection may also.be pointed 
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out that the illustrations of hydroid ontogeny 
shown in Fig. 84 are likewise of extremely 
doubtful validity, as are also other features in 
connection with the treatment of the celenter. 
ates. 

In conclusion the reviewer would incline to 
question the assumption of the author (Pref.- 
ace, p. v) “that the right text-book of zoology, 
as of every other subject, is primarily g matter 
of psychology.” It would be futile to discuss 
this proposition in this connection, but it 
seems fairly evident that there may be intrinsic 
and inherent principles which determine, quite 
as much as any psychological quirks, the 
method and content of a zoological text-book. 

C. W. H. 


PROCEEDINGS OF THE NATIONAL 
ACADEMY OF SCIENCES 


THe tenth number of Volume 1 of the 
Proceedings of the National Academy of Scé- 
ences contains the following articles: 


1. The Octopus Motive in Ancient Chiriquian 
Art: Grorce Grant MaoCurpy, Peabody 
Museum, Yale University. 

After discussing general features of animal 
motives in Chiriquian art, the octopus motive, 
which appears hitherto not to have been iden- 
tified, is traced through a number of varying 
forms in vases, of which six are figured in 
cuts. 

2. The Life Cycle of Trypanosoma brucei in 
the Rat and in Rat Plasma; Ru. ErpMany, 
Osborn Zoological Laboratory, Yale Uni- 
versity. 

The method employed affords the means of 
following, outside the body of the host, the 
sequence of changes in the life of trypano- 
somes, and its use has shown dimorphic forms, 
latent or round, and crithidia-like forms in 
Trypanosoma brucei outside of the host. 


3. The Effect of Pressure on Polymorphic 
Transitions: P. W. Brweman, Jefferson 
Physical Laboratory, Harvard University. 
This note presents, in a compact form by 

means of diagrams, many of the essential facts 

concerning the effect of high hydrostatic pres- 
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sure on the polymorphic transitions of 30 

substances. 

4, On Isothermally Conjugate Nets of Space 
Curves: GaprieL M. Green, Department of 
Mathematics, Harvard University. 

A necessary and sufficient condition that a 
conjugate net of curves on a surface be iso- 
thermally conjugate is that at each point of 
the surface the pair of axis tangents, the pair 
of associate conjugate tangents, and the pair 
of anti-ray tangents be pairs of the same 
involution. 

5. The Role of the Liver in Acute Poly- 
cythaemia; The Mechanism Controlling the 
Red Corpuscle Content of the Blood: Pau 
D. Lamson, Pharmacological Laboratory, 
Johns Hopkins University. 

There is in the body a mechanism for regu- 
lating the red corpuscle content of the blood; 
this mechanism is under nervous control, re- 
sponding to nervous, chemical and emotional 
stimuli; the adrenal glands play a part in this 
mechanism, and the liver is the seat of the 
changes which increase the number of red cells, 
partly by a reduction in plasma volume, and 
partly by bringing cells into the circulation 
which are not normally present. 

6. The Potentials at the Junctions of Salt 
Solutions; Duncan A. MacInnes, Labora- 
tory of Physical Chemistry, University of 
Illinois. 

The author calls attention to the fact that 
the liquid junction potential #, of a concen- 
tration-cell of the type Ag+ AgCl, KCI1(C,), 
KCl (C,), AgCl-+ Ag can be derived from 
measurements of its electromotive force FE and 
of the cation-transference number n, with the 
aid of the equation = (2n,—1)/2n¢. 
This equation involves only the assumption 
that the work attending the transfer from one 
concentration to the other of one equivalent 
of ion is the same for the cation as for the 
anion. The author substantiates this assump- 
tion by showing that this equation, when 
applied to the electromotive force data of Jahn, 
leads to nearly the same values of E—E, 
_ (which should equal the difference in the two 
electrode-potentials) whether the electrolyte be 
KCl, NaCl or HCl. 
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7. A Statistical Study of the Visual Double 
Stars in the Northern Sky: Rosert G. 
Aitken, Lick Observatory, University of 
California. 

At least one in every 18, on the average, of 
the stars as bright as 9.0 magnitude in the 
northern half of the sky is a double star visible 
with the 36-inch telescope. Close visual double 
stars are relatively more numerous in the 
Milky Way than elsewhere in the sky, and 
visual double stars as a rule revolve in rela- 
tively small orbits. Close visual double stars 
are rare among stars of either very early or 
very late spectral class. 


8. Walnut Mutant Investigations: Ernest B. 
Bascock, Division of Genetics, Department 
of Agriculture, University of California. 
The mutation takes place in female flowers 

only and appears in the first generation after 
the mutation occurs but on crossing with the 
species type it is completely recessive in the F, © 
generation and the nature of the mutation is 
such that only certain genetic factors are 
affected without having the chromosome num- 
ber disturbed. 


9. Hereditary Fragility of Bone: C. B. Daven- 
porT AND H. S. Conarp, Carnegie Institu- 
tion of Washington and Grinnell College, 
Towa. 

Of a parent who early in life was affected 
with brittle bones at least half the children will 
be similarly affected, but if neither parent, 
though of affected stock, has shown the tend- 
ency, then expectation is that none of the chil- 


dren will have brittle bones. 
E. B. Witson 


SPECIAL ARTICLES 
ON THE OCCURRENCE IN THE SOUTHERN HEMIS- _ 
PHERE OF THE BASKING OR BONE SHARK, 
CETORHINUS MAXIMUS 
SINcE it does not seem generally to be known 
that this giant elasmobranch is found in 
southern waters, it may be of interest briefly 
to give the following data which have been 
noted from time to time in the course of other 
ichthyological studies. 
The old writers thought that this great beast 
was confined to the far north Atlantic and to 
the Arctic Ocean. Of these, Friedrich Faber 
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may be quoted. In his Natural History of the 
Fishes of Iceland he says: 


This giant among sharks [and he quotes Gun- 
ner that it grows to a length of 16 fathoms 
(Klaftern), but adds for himself that its ordinary 
length runs from 20-24 feet] is found only in 
northern seas and, moreover, is here not abundant. 

Goode and Bean in their monograph, 
“Ocean Ichthyology ”? (1895) write: 


It is unknown elsewhere than in the north At- 
lantic, and south of the Grand Banks on the west, 
and Scotland on the east may be regarded as an 
estray.’’ 


Jordan and Evermann (1896)® give it a more 
extended habitat since it is “found in Arctic 
waters, straying south to Portugal, Virginia 
and California.” And later Jordan (1905)* in 
his “ Guide to the Study of Fishes ” notes that 
it occurs “on all northern coasts (and is) 
most frequently taken in the North Sea and 
about Monterey Bay, California.” However, 
Bridge (1904)* in the Cambridge Natural His- 
tory writes: 

Although generally described as a northern 
form, Cetorhinus is known to occur in Australian 
waters. 


As might be expected from the well-known 
activity in ichthyological matters of the Aus- 
tralians, our southern references are mainly 
confined to the waters surrounding that conti- 
nent. 

Its occurrence in the antipodes was, so far as 
the present writer knows, first made known by 
Sir Frederick McCoy® in 1885. He figures and 
describes a large specimen taken at Portland 


1 Faber, Friedrich, ‘‘ Naturgeschichte der Fische 
Islands,’’ p. 20. Frankfurt am Main, 1829. 

2 Goode, George Brown, and Tarleton H. Bean, 
*“Ocean Ichthyology,’’ p. 22. Washington, 1895. 

3 Jordan, David Starr, and Barton W. Evermann, 
‘*The Fishes of North and Middle America,’’ Vol. 
I., p. 51. Washington, 1896. 

4 Jordan, David Starr, ‘‘A Guide to the Study 
of Fishes,’’ Vol. I., p. 540. New York, 1905. 

5 Bridge, T. W., ‘‘Fishes’’ in the Cambridge 
Natural History, Vol. VII., p. 453. London, 1904. 

6 McCoy, Frederick, ‘‘ Natural History of Vic- 
toria. Prodromus of the Zoology of Victoria,’’ 
Decade XI., pp. 11-15, Plate 104, 1885. 
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on the west coast of Victoria in November, 
1883. It was 30 feet 6 inches long and 20 feet 
in girth. He gives a very careful and minute 
description and very detailed measurements, 
the first and with one exception the only ones 
known to the present writer. 

William Macleay,’? whose paper was appar- 
ently published in the same year as McQoy’s 
but slightly later, merely lists the basking 
shark in Australian waters on the authority of 
the latter, and gives no new data. 

We next hear of Cetorhinus in 1901, when 
two specimens were taken at Eden, New South 
Wales, and were recorded by Mr. E. R. Waite 
in the following year.* Of the first specimen 
only a piece of “ baleen ” or gill-rakers reached 
Mr. Waite, but this was sufficient for its iden- 
tification. However, in August, 1901, a young 
male 104 feet long was taken at the same place 
and sent to the Australian Museum, Sydney. 

A more extended account of the occurrence 
of this great shark in these southern waters is 
from the pen of Mr. J. A. Kershaw® of the 
National Museum at Melbourne, Australia. 
His specimen, which was a young male 12 
feet and 11 inches long, was taken in Hob- 
son’s Bay near Williamstown, Victoria, in 
May, 1903. Mr. Kershaw gives a series of 
very full and carefully made measurements, 
the only one except McCoy’s that seem ever 
to have been recorded. Its length lacked but 
one inch of 13 feet and its girth in front of 
the first dorsal was 3 feet 7 inches. Of Ker- 
shaw’s careful description the most noteworthy 
point refers to the snout, which will be dis- 
cussed later. 

Stevenson (1904)1° says that the basking 


7 Macleay, William, ‘‘Supplement to Descriptive 
Catalogue of the Fishes of Australia,’’ Proceed- 
ings Linnean Society of New South Wales, Vol. 
IX., pp. 62-63. 

8 Waite, E. R., ‘‘ New Records or Recurrences of 
Rare Fishes from Eastern Australia,’’? Records 
Australian Museum, Vol. IV., p. 263, 1902. 

9 Kershaw, James A., ‘‘ Notes on a Rare Victo- 
rian Shark,’’ The Victorian Naturalist, Vol. XIX., 
p. 62, 1903. 

10 Stevenson, Charles H., ‘‘ Aquatic Products in 
Arts and Industries,’’ Report U. 8. Fish Commis- 
sion, Vol. XXVIII. for 1902, pp. 227-228, 1904. 
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shark is found on the coasts of Australia, 
Ecuador and Peru. So abundant are they in 
the latter region that a profitable fishery is 
carried on, their livers being utilized for oil. 
Stevenson quotes a Captain Baker, of New 
Bedford, that he took 125 barrels of basking- 
shark liver oil in 2 days. Stevenson further 
says that this great shark is reported to be 
taken at Kurrachee in northwest British India. 
All the authorities are agreed, however, that 
this latter shark is Rhineodon typus, the whale 
shark. 

Last of all, Stead (1906)** notes that Ceto- 
rhinus is found on the coasts of New South 
Wales and Victoria, but not abundantly. This 
statement is probably based on the accounts of 
McCoy, Waite and Kershaw. 

Even McCoy’s notice is, however, not the 
first on the occurrence of this great shark in 
the South Seas, for Bennett (1840)? in his 
zoology of the voyage of the whaleship Tuscan 
tells us that: 

While cruising in the south Pacific, we occasion- 
ally observed large animals which bore a great re- 
semblance to whales (excepting that their tail-fin 
was perpendicular, and they did not spout), 
swimming near the surface of the sea. They ap- 
peared to be nearly 20 feet in length, and were 
called by the whalers bone-sharks, a name which 
implies little more than the very vague idea enter- 
tained of their true character. They are said to 
have whalebone in the mouth, yet do not spout; 
but partake of the nature of a shark, or other fish, 
and, like fish, can maintain a submarine existence 
for an indefinite time. They have been occasion- 
ally mistaken for whales, and harpooned by inex- 
perienced whalers, when, taking away the line with 
irresistible impetuosity, they have disappeared in 
the ocean’s depths, and left their assailants to 
watch in vain for their return to the surface. 

Since whalers religiously avoid an encounter 
with these troublesome creatures, it follows that 
their real form and structure are but little known. 
If we admit that an error exists on the subject of 
there being whalebone in its mouth, it appears 
probable that the bone-shark is allied to, or is 
identical with, the Basking-shark (Squalus mazi- 
mus), a fish, measuring from 15 to 30 feet in 

11 Stead, David G., ‘‘Fishes of Australia,’’ pp. 
233, 235, 236, 251. Sydney, 1906. 

12 Bennett, F, D., ‘‘ Narretive of a Whaling Voy- 
age Round the Globe, from the Year 1833 to 1836,’’ 
Vol. II., London, 1840. 
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length, and which was formerly regarded as a spe- 
cies of whale. 


Before bringing this note to a close, I wish 
to call attention to one other matter of impor- 
tance. None of the observers save Kershaw 
correctly gives the shape of the snout. Giin- 
ther (1880) indeed says — 


... young specimens have a much longer and more 
pointed snout than adults... . 


And McCoy notes that it has a 
fusiform head very small, abruptly narrowed to a 


short snout, with a slightly concave profile rising 
from a little behind the eye. . ., 


all of which structures are shown in his figure, 
the snout appearing as a very weak and ineffec- 
tive structure. 

Goode and Bean (1895) merely say “snout 
blunt,” and their figure, which is copied from 
Annales du Musée d’Hist. Nat. Paris, Vol. 
XVIII, pl. 6; and from Fish. Ind., pl. 249, 
upper figure, and which in turn has been widely 
copied (and is the only one save McCoy’s 
known to the present writer), so shows it. 
Jordan and Evermann (1896), for example, 
simply copy Goode and Bean’s text and figure. 
So practically does Bridge (1904). While 
Jordan (1905) calls it elephant shark but as- 
signs no reason for the name. 

Kershaw (1903) specifically notes that 


. the front of the head is considerably ex- 
tended, and forms a thick, fleshy, truncated snout, 
with the extremity produced into a curved fleshy 
hook, which altogether gives the fish a most ex- 
traordinary appearance. 

This peculiarity, according to some earlier ob- 
servers, occurs only in the young specimens, and 
has led to the erroneous opinion!’ that several dif- 
ferent genera and species of basking sharks ex- 
isted, an opinion which can hardly be wondered at 
considering the greatly different appearance this 
gives to the fish. 


This specimen was a young one, only 12 
feet 11 inches long; however, a year previous a 
fisherman had reported to Kershaw the capture 
in Melbourne Harbor of a large shark having 
“a long thick snout terminating in a hook.” 


18 Giinther, A. C. L., ‘‘ Introduction to the Study 
of Fishes,’’ p. 323, Edinburgh, 1880. 
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The present writer has recently had an op- 
portunity to examine in a traveling museum a 
mounted 36-foot specimen of Cetorhinus maz- 
mus taken in Monterey Bay, California. This 
had a thick and stout but very marked snout, 
bluntly conical in shape, which projected at 
least 15 inches in front of the upper jaw and 
from 18-20 inches over the lower jaw. It is 
interesting that such a marked structure should 
have so long escaped notice, but on the other 
hand opportunities to examine this giant shark 
come very rarely to properly trained natural- 
ists. However, it seems from the above data 
that Jordan’s name, elephant shark, is by no 
means a misnomer. E. W. Gupcer 


StaTE NORMAL COLLEGE, 
GREENSBORO, N. C. 


LABELING CHEMICAL SPECIMENS 


PROBABLY every teacher of chemistry makes 
some use of samples of chemical elements and 
compounds in his lectures. In some cases, the 
set of specimens may have been purchased 
complete, in uniform style containers, with 
systematic and uniform labeling. Quite often, 
however, the additions to a chemical museum 
are made gradually, and as a result the col- 
lection may consist of all sorts, sizes and 
varieties of containers with an equally varied 
assortment of labels. When a set of speci- 
mens grows in this way, one can scarcely make 
use of serial numbers alone. An expansible 
system is necessary. The writer has used such 
a system for several years, with increasing 
satisfaction. 

This labeling system has so far been used 
only for elements and inorganic compounds. 
It corresponds in principle to the usual library 
method of labeling books. A chemical catalogue 
of a leading firm was used as the source of the 
names. The list of chemicals being really 
quite comprehensive, it was possible to give a 
label number to the name of each substance 
one would ever be likely to include in a col- 
lection, writing these label numbers directly 
into the catalogue. The list of the chemical 
elements, in alphabetical order, was taken as 
the starting point. Names of elements begin- 
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ning with the same letter are given seria] 
numbers, as for example, magnesium is called 
M 1; manganese, M 2; mercury, M 3; molyb- 
denum, M 4; aluminium, A 1; and ammonium 
compounds are placed under A 2. Specimens 
of the elements are labeled thus: Aluminium, 
A 1.0. When several kinds of samples of an 
element are included they are labeled thus: 
Aluminium, A 1.0 sh; aluminium, A 1.0 po; 
aluminium, A 1.0 le; the letters “sh,” “po” 
and “le” stand respectively for “sheet,” 
“nowder” and “leaf.” The method of label- — 
ing compounds may be illustrated by a few 
from the sodium list: 


Sodium acetate, cryst. S6a 
Sodium acetate, fused S6a2 
Sodium acid carbonate .............+6: S 6 ca 
Sodium carbonate, dry ...........++06. 8S 6 ca 4 
S 6 chl 
Sodium acid sulphate, powd. ........... S 6 su 
Sodium acid sulphate, fused ........... S$ 6 su 3 
Sodium sulphate, cryst. ..........+.06. 8 6 su 4 
Sodium sulphate, powd. ............... 8 6 su 5 
Sodium acid sulphite ................. S 6 sul 3 
Sodium sulphite, eryst. ............46. S 6 sul 4 
Sodium sulphite, powd. ............... S 6 sul 5 
Sodium sulphocyanate ................ S 6 sul 6 
Sodium thiosulphate, cryst. ............ 8 6 th 
Sodium thiosulphate, powd. ............ S$ 6 th 2 


Where omissions occur, as between “S 6 ca” 
and “S 6 ea 4,” it is understood that other 
compounds or different forms of the same 
compound are to be supplied. These are, of 
course, to be found in the complete chemical 
catalogue. 

From these examples it may be seen that 
the bottles, marked in this way, can always be 
kept in alphabetical order, and can scarcely 
be misplaced if the labels are read as to letters 
and numbers. Any sort of helper, who knows 
his alphabet and can count, will be able to 
take out specimens and replace them without 
confusion. New samples can be easily inserted 
anywhere, and given a label which shows ex- 
actly where it belongs. 
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No originality is, of course, claimed for this 
system of labeling, but the writer does not 
happen to know of its being used elsewhere for 
chemical specimens. Any one may easily 
devise letters and numbers to fit his present 
collection as well as future additions. Pro- 


vision may be made for alloys, commercial © 


samples, and the like, wherever necessary. 

It is convenient to write the letters and 
figures in two lines, library style, as, “S 6” 
is written large with the “th 2” written small, 
beneath. Three figures, with the initial, will 
be the maximum number of characters in the 
first line. For the lower line, the rule is not 
to use more than three letters, while two 
figures will always be sufficient. 

The bottles used in the writer’s collection 
are one-pound and half-pound “salt mouth,” 
of uniform style, with “mushroom” stoppers. 
These are convenient sizes, the smaller size 
being used mainly for the more costly sub- 
stances. There are two labels on each bottle. 
The larger labels are known to the trade as 
No. 1006, about four by one and five eighths 
inches. The names of the substances are 
printed on these labels with rubber type in 
capital letters a quarter of an inch high. 
These labels are placed just below the shoulder 
of the bottle. The round labels used for the 
index letters and numbers are known as “A 
88” or library labels. These are centered 
under the large label near the bottom of the 
bottle. A library assistant did the lettering of 
these labels, using india ink. The bottles are 
sealed with paraffin, and the labels coated with 
paraffin. The latter is necessary as the bottles 
are kept on open shelves, and usually require 
wiping with a damp cloth when they are to be 
shown. The paraffin further protects the 
labels against accidental contact with acids or 
alkalies, 

This system of labeling is scarcely applica- 
ble to organic compounds, unless one does not 
wish to keep them separate from inorganic. 
The writer, for present purposes, has made a 
list of the substances studied or referred to, 
in order, in the organic text used (one of the 
most complete published), and each substance 
given a number. This does not include sub- 
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stances that are impracticable to keep or pro- 
cure. The collection is so arranged that the 
substances mentioned in a given chapter are 
found together, in numerical order, the miss- 
ing numbers to be supplied in the future. An- 
other possible arrangement is by classes of 
compounds. This has been used, but is rather 
less convenient than the present arrangement. 
In the organic set, the half-pound bottle is 
the maximum size for solids, the two-ounce 
the minimum. For liquids, there are three 


sizes, from a half-liter down. The labels are 


No. 1007 for the names, and No. 539 for the 
numbers. The bottles are paraffined as in the 
inorganic set. On account of the effect of light 
on many organic compounds, the specimens are 
kept in a dark room, where the inorganic set is 
also kept for convenience. 

The “looks” of one’s teaching devices will 
be certain to leave lasting impressions on the 
observer. This is especially true in the chem- 
ical laboratory and lecture room. While it is 
not claimed that the above-described methods 
of labeling bottled chemical specimens are the 
best that could be devised, they have served 
the writer very well and it is hoped that the 
description may interest others.. 

©. E. Var 


COLORADO AGRICULTURAL COLLEGE 


REPORT OF THE SAN FRANCISCO MEETING. 
OF SECTION F OF THE AMERICAN AS- 
SOCIATION FOR THE ADV ANCE- 
MENT OF SCIENCE. II 


Thursday, August 5 
Morning Session, Demonstrations 
In charge of OLIVE SweEzy, University of California 


Entameba Buccalis, Inez F. Smith, University 
of California. 

Mitosis and Multiple Fission in the Flagellata, 
Olive Swezy, University of California. 

Mitosis in Lamblia muris, Elizabeth Christian- 
sen, University of California. 

Enflagellating and Exflagellating Soil Ameba, 
Charlie W. Wilson, University of California. 

Flagellates of Hemiptera, Irene McCulloch, Uni- 
versity of California. 

Drawings for Monograph on Dinoflagellata, C. 
A. Kofoid and Mrs. Rigden-Michener, University 
of California. | 
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Drawings for Monograph on Pacific Tintin- 
noidea, C. A. Kofoid and Mrs. Elizabeth Puring- 
ton, University of California. 

Balantidium from the Pig, J. D. MacDonald, 
University of California. 

Drawings of Elasmobranchs, J. Frank Daniels, 
University of California. 


Papers: Protozoology 


CHARLES A. Koro, University of California, 
presiding 
Chromosomes in Protozoa; MAYNARD M. METCALF, 

Oberlin, Ohio. 

This review has endeavored to show that in each 
group of the Protozoa are found elongated 
chromosomes which are linear aggregates of gran- 
ules and which split longitudinally in mitosis, giv- 
ing exact equivalence of the daughter nuclei. In 
all major groups, except perhaps the Mastigo- 
phora, presexual and sexual phenomena, essentially 
similar to those of Metazoa are known. The Meta- 
zoan mechanism of inheritance is therefore pres- 
ent, in some representatives at least, of all the 
great Protozoan groups. It has shown also that, 
in some representatives, at least, of the Plasmo- 
drome, during the vegetative phases of the life his- 
tory, the chromatin outside the caryosome, indeed 
apparently outside the caryoli, is thrown off as 
trophical chromidia. Such evolution of complex- 
ity of organization as has occurred in the Metazoa 
probably could not occur until, as in the Ciliata, a 
considerable amount of chromatin is kept intact 
throughout the whole life history, including its 
vegetative as well as its presexual and sexual 
phases. The lower Protozoa have the Metazoan 
type of mechanism of inheritance in connection 
with their sexual phases but can not utilize it for 
the development of a complex series of determin- 
ers for elaborate structural organization, for they 
do not keep this mechanism intact during their 
vegetative periods. The higher Protozoa appar- 
ently have the Metazoan type of mechanism of in- 
heritance and keep it intact through all their life 
eycle. To what extent they have utilized its pres- 
ence to develop determiners, is an interesting ques- 
tion which does not seem beyond experimental 
study with favorable material. 


Problems on Rejuvenescence in Protozoa (illus- 
trated with lantern slides): LoRaNDE L. Woop- 
RUFF, Yale University (read by title). 

The Evolution of the Protozoan Nucleus and Its 
Extranuclear Connections: CHARLES ATWOOD 
Korow, University of California. 
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The essential and fundamental similarity of 
Protozoan and metazoan nucleus is indicated by 
the general trend of recent cytological investiga. 
tions among the Protozoa. The process of mitosis 
has the same sequence of phases, though the 
chronology of mitotic events and of the division 
of extranuclear structures varies from species to 
species and also among individuals within the spe- 
cies. In the early prophase in trichomonad flagel- 
lates and in Negleria the chromatin aggregates, 
presumably chromosomes each split longitudinally, 
or the chromatin network forms a split skein or 
thread which later fuses into one, or emerges on 
the equatorial plate in chromosomes in which the 
precocious splitting has entirely disappeared. The 
chromosomes are definite in number and are dif- 
ferentiated among themselves as to size and be- 
havior in mitosis. There are suggestions of odd 
and even numbers (4, 5) there is (in Trichomonad 
flagellates in several genera and species) a small 
chromosome lagging in the metaphase, and there 
are instances of unequal division of chromosomes. 

The blepharoplast contains the centrosome in 
trichomonad flagellates or is attached to it 
(Giardia-Lamblia). This organelle should not be 
ealled a kinetonucleus; Schaudinn’s report of its 
heteropole origin by mitosis is unsupported and 
probably invalid. It arises in enflagellating 
Negleria (-Ameba) gruberi from the centrosome 
or centriole in the central caryosome, which sends 
out a radial fibril which enlarges at the periphery 
into a blepharoplast at the base of the two 
flagelle which grow out from this enlargement, 
In exflagellation the flagella withdraw and to- 
gether with the blepharoplast retreat into the 
earyosome, The blepharoplast is highly developed 
in parasitic flagellates and is directly connected 
by a system of fibrils with nucleus, flagella, axo- 
style and parabasal body, the whole forming an 
integrated structural unit which functions as a 
neuromotor apparatus comparable with that of 
the ciliate Diplodinium. It is a specialized struc- 
ture developed to the greatest extent in connec- 
tion with parasitic life demanding unusual ex- 
penditure of energy in locomotor activity. The 
term kinetonucleus should be abandoned as mis- 
leading. The Binuclearity Hypothesis in its nu- 
clear implications has no adequate foundations, 
and the order Binucleata should be discarded. 
The parabasal body of flagellates and Trichony- 
phida is perhaps the analogue of the macronucleus 
of the ciliates and is an extranuclear store of the 
chromatin related to the needs of flagellar and 
ciliary activities. 
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Afternoon Session Papers: Geographic Distribution 
JosEPH GRINNELL, University of California, pre- 
siding 
California as a Testing Ground for Theories of 

Distributional Control: JOSEPH GRINNELL, Uni- 

versity of California. 

Insect Transmission of Swamp Fever: J. W. Scort, 

University of Wyoming. 

During the summer of 1914, the writer obtained 
experimentally a well-defined case of swamp fever, 
and the conditions of the experiment leave 1o 
doubt that the disease was contracted through the 
agency of certain biting insects. This disease, fre- 
quently known as ‘‘infectious’’ or pernicious 
anemia, is a serious and destructive blood disease 
of the horse. It has been reported from France, 
Germany and Japan, and is widely distributed in 
North America, from Texas to the Northwest Ter- 
ritories, and from the states of Washington and 
Nevada to the Province of Ontario, Canada. It 
has an altitudinal distribution from near sea-level 
to at least 9,000 feet. It is usually found in 
swampy regions, but has also been reported from 
rolling, wooded countries. Wherever found, it may 
become epidemic and cause the loss of a large per- 
centage of a given herd of horses. The disease 
shows a seasonal distribution, reaching a maxi- 
mum number of cases in late summer or early 
autumn, The disease itself is characterized by 
progressive emaciation and an intermittent rise in 
temperature; it is frequently accompanied by 
anemia, and the rises in temperature are some- 
times at quite regular intervals. The organism is 
filterable, for the disease is transmitted by the 
injection of blood serum after it has been passed 
through a Berkfeld filter. 

In France, Vallei and Carri concluded that nat- 
ural transmisson took place through drinking 
water contaminated with urine or feces from an 
infected horse. Van Es, of North Dakota, in 
1911, after a study of several years, thought this 
the most probable explanation. Swingle, how- 
ever, in Wyoming, in 1912 and 1913, showed that 
it was an extremely difficult matter to secure in- 
fection by way of the alimentary canal, his nu- 
merous experiments with urine and feces all re- 
sulting negatively. 

At this point in 1913 the writer began the 
problem, Since internal transmission was a diffi- 
cult matter, only one or two cases being known 
(Van Es, Schlatholter), and since the contamina- 
tion of drinking water could hardly explain epidem- 
ies, it was believed that natural transmission must 
be by means of some external agent. Accordingly 
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in the spring of 1914 a screened cage was erected 
capable of holding five horses. The cage had an 
entryway 10 feet long, each end closed by a door 
and the screen had 16 meshes to the inch. 

The first experiment in this cage was with vari- 
ous kinds of mosquitoes and resulted negatively. 
A longer and more conclusive experiment with 
mosquitoes the present summer has had a similar 
result. There was next introduced into this cage a 
considerable number of flies; these were house- 
flies, stable-flies and a few other wild flies, in- 
cluding one of the smaller species of Tabanids. 
The house-flies and stable flies thrived and in- 
creased rapidly in numbers between the first and 
the twenty-fifth of August; the other flies soon 
died and were not observed to attack the horses. 
The stable-flies were observed to feed in large 
numbers on both infected and well horses. Ex- 
cept for two or three days infected horses were 
kept continuously in the cage from July 27 to Au- 
gust 28. Three well horses were exposed in the 
cage during this time. On August 28 horse No. 
22, a healthy strong animal, showed a temperature 
of 102.8. After two more fever periods this horse 
died October 5. Subinjection of his blood has 
produced typical cases, showing that he had the 
disease. The temperature of this horse had been 
normal from June 9 to August 28, and he had not 
been outside of the cage for 25 days, while 10-14 
days is the ordinary incubation period of the dis- 
ease. Under these conditions there appears to be 
no escape from the conclusion that insects trans- 
mitted the disease. It is believed further that the 
stable-fly was responsible for the transmission for 
the following reasons: (1) These flies were ob- 
served to attack the horses viciously. (2) Nega- 
tive results of two other experiments show that 
the mosquitoes were not responsible, even though 
a few were still in the cage during August. (3) 
Houseflies do not bite, and the other flies present 
in the cage did not attack the horses, so far as one 
could observe, and soon died. 

The experiment, with the stable flies alone, is 
being repeated, and another experiment involving 
some of the Tabanide is also in progress. 


The Big Bears of Western North America, with 
Special Reference to their Distribution: C. Harr 
MERRIAM, United States Biological Survey. 
The bears are the largest of living carnivores 

and are widely distributed, being found in both 

Americas and in Eurasia, The typical genus 

Ursus occurs in both eastern and western hemis- 

pheres. South America is the home of Tremarctos, 
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a short-faced bear resembling Arctotherium, of 
the American Pleistocene, while the north polar 
regions are inhabited by the polar bear, Thal- 
arctos. The ancestry of the bears is still clouded, 
none being known below the Pliocene. 

Systematically the bears are a compact group, 
yet within the genus Ursus several subgroups may be 
recognized; the subgenus Fuarctos, containing the 
black or cinnamon bears and the subgenus Ursus, 
containing the grizzly and brown bears. Of the 
latter (grizzly and brown bears) two, three and 
even four species, representing different species- 
assemblages, may be found in a single locality, as 
in the fossil deposits of Rancho La Brea or in 
Yellowstone National Park. The characters used 
in identification are chiefly cranial and dental. 
Skulls of males of the grizzly group are two, and 
in some cases, three times the bulk of those of 
females of the same species. At present about 40 
species of grizzlies and 10 of brown bears are 
recognized, where formerly but one of each was 
known. For example, California once contained 
representatives of five different groups of grizzlies. 
The recognition of this large number of species 
has been made possible by the extensive collections 
of skulls in the United States National Museum 
and in the California Museum of Vertebrate Zool- 
ogy. 

Fossil Tertiary Mollusca of the Rocky Mountain 
Region: T. D. A. CoCKERELL, University of Col- 
orado, Boulder, Colorado. 

The recent expeditions of the American Museum 
of Natural History, primarily for the discovery of 
mammalian remains, have brought to light some 
very interesting Tertiary land and freshwater 
shells, principally in Wyoming and New Mexico. 
From a study of these we are led to the following 
conclusions: 

1. Certain of the most characteristic genera of 
the Rocky Mountain land shells living to-day are 
apparently very ancient inhabitants of the same 
general region, and have, perhaps, at no time ex- 
tended very much beyond it. The most note- 
worthy example is Oreoheliz, represented in the 
Eocene and Paleocene by large species, some of 
the specimens showing the sculpture of the apical 
whorls, which agrees with that of the group 
called Radiocentrum by Pilsbry. A species of 
Holospira from the New Mexico Paleocene is ex- 
tremely like a living species of Arizona. 

2, Ashmunella, one of the most characteristic 
endemic genera of the southwest, is not at present 
known below the Pleistocene. It is not possible 
to be sure, at present, whether all the peculiar 


genera of the Rocky Mountain region and south. 
west are very ancient inhabitants of that country, 
but it seems very likely that they will all be found, 
sooner or later, in the early tertiaries. 

3. Various cireumpolar genera of small snails, 
such as Pupilla and Cochlicopa, represented in the 
modern fauna by species identical or nearly iden. 
tical with those of Europe and northern Asia, are 
apparently lacking in the Tertiary, or at any rate 
in the Eocene. They may have been overlooked, 
but it is probable that they have reached our re. 
gion in much more recent times, from Eurasia, as 
their small amount of modification, or total lack 
of it, would suggest the Eocene collections do con- 
tain small species of more characteristically 
American types as Vitrea and Thysanophora. 

4. The Paleocene and Eocene faunas included a 
series of genera entirely different from anything 
now living in the same region, but evidently re- 
lated, at least in part, to the present Central Amer. 
ican and West Indian faunas. Thus we have from 
the Eocene of Wyoming species apparently refer. 
able to Pleurodonte and Eucalodium. It is not 
clear, at the present time, whether this Central 
American fauna originated northward, or whether 
it had its main center in the region where it now 
exists, merely extending northward during a time 
when the country now represented by Wyoming 
and Colorado was low, moist and warm. 

5. The most remarkable discoveries have been 
of small shells belonging to the Bulimulida, hav- 
ing the aperture or last whorl upturned, repre- 
senting at least two genera (Protoboysia and 
Grangerella) and four species. These, while be- 
longing to extinet genera, show evident relation- 
ship with some of the South American snails, and 
at the same time a remarkable resemblance to the 
Indian genus Boysia, which is supposed to belong 
to the Pupillida, though the anatomy is unknown. 

6. Among the fresh-water shells, the Unionide 
are the most interesting. About the end of the 
Cretaceous and beginning of the Tertiary we find 
in the Rocky Mountain region a large and varied 
series, resembling the types which now inhabit the 
Mississippi Valley. At about the same time that 
the dinosaurs disappeared, these mussels also de- 
parted, leaving an impoverished Unionid fauna in 
the Eocene, which in its turn eventually died out 
altogether. It seems probable that this change was 
connected with earth movements. 


Isolation as a Factor in the Evolution of Thais 
lamellosa (illustrated with specimens and lan- 
tern slides): Trevor Kincaip, University of 
Washington. 
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Friday, August 6 
Morning Session, Demonstrations 
In charge of F. W. WEYMouTH 


Living Ova of Rat in Serum, J. A, Long, Uni- 
versity of California. 


Papers: Marine Zoology 
F. M. McFARLAND, Stanford University, presiding 


The Occurrence and Possible Causes of Periodic 
Vertical Movements of Aquatic Organisms: C. 
O, ESTERLY, Occidental College, Los Angeles, 
California. 

It is well known that many aquatic organisms, 
particularly those of the plankton, are more 
abundant at or near the surface by day than by 
night. This is because they ascend from deeper 
water in the early part of the night and descend 
from the surface later. 

In order to understand the fundamental causes 
of this phenomenon it is necessary to have accu- 
rate knowledge of the field conditions under which 
collections are made, particularly of the tempera- 
ture and salinity of the water and of the light in- 
tensity as represented by the time of day at least. 
It is highly important that field. observations be 
supplemented by laboratory experiment to deter- 
mine to what sorts and degrees of stimuli the or- 
ganisms respond. Furthermore, each species must 
be studied by itself. 

The explanation of the diurnal movement that 
at present is most satisfactory is the one based on 
responses to different factors in the environment, 
but our knowledge in this respect is very incom- 
plete. The ‘‘mechanical explanation’’ which 
takes into account mainly the changes in viscosity 
of the water does not satisfy. The suggestion 
that the alternating rise and fall is due to meta- 
bolic rhythms has received so little attention that 
its worth is not apparent. 


Some Physiological Characters of Marine Animals 
from Different Depths: V. E. SHELFORD, Uni- 
versity of Illinois, Urbana. 


Field Study of Animal Behavior as contrasted 
with Laboratory Study: Exuis L. MIcHAEL, 
Scripps Institute, La Jolla, California. 

The object of this paper is to emphasize the 
necessity of employing two essentially distinct but 
mutually helpful methods of research in any 
strictly scientific study of animal behavior. All 
biologists readily admit that an important func- 
tion of the well-known laboratory method is that 
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of analyzing the mechanism involved in an organ- 

ism’s response. Few, however, seem to realize 

that this method is incapable of revealing how 
any particular species is related to its environ- 
mental complex. 

Yet, the minute a definite answer to such a ques- 
tion is sought, a little thought clearly shows that 
recourse must be had to some method of field ob- 
servation. For instance, could any amount of 
laboratory experimenting reveal the fact that 
Sagitta bipunctata is more abundant between 15 
and 25 fathoms than at any other depth, or that 
it increases in abundance as the distance from the 
coast decreases? 

In order to demonstrate the indispensability of a - 
field method three aspects of the behavior of S, 
bipunctata are illustrated in some detail. First, 
the variation in abundance at all depths at differ- 
ent times of day is considered, showing how the 
species migrates vertically. Second, the fact that 
it accumulates in all depths in greatest numbers 
when the temperature lies between 13° and 16° C. 
is revealed. Third, data are presented showing 
that the species is more abundant, on the surface 
at least, when the salinity lies between 33.55 and 
33.70. 

Finally, the question of the interpretation of the 
results is discussed, Attention is called to the fact 
that an adequate interpretation necessitates re- 
course to the laboratory method. Obviously the 
field method can not, except by interference, as- 
certain the nature of response involved, 4. ¢., us 
to whether the demonstrated relations are due to a 
tropism, a taxis, a metabolic reaction, or to a 
direct physical effect of changes in viscosity and 
a specific gravity. 

The Influence of Chance on the Number of Or- 
ganisms Collected in Plankton Nets: GEorGE F. 
McEWEN, Scripps Institute for Biological Re- 
search, La Jolla, California. 

Measurements of a number of hydrographic ele- 
ments and the corresponding abundance, or num- 
ber of a species per unit volume of water in the 
ocean supply the data for determining the way in 
which the distribution of the species is related to 
these elements. 

Practically, the distribution of the smaller or- 
ganisms must be inferred from the number of 
each species collected per haul made with a plank- 
ton net. A plankton net filters rather variable 
fraction of the water that would pass through the 
net rim, if unobstructed; also the estimate of the 
distance hauled is usually subject to accidental 
errors of importance. 
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Grouping values of the abundance thus ob- 
tained with respect to each of a series of magni- 
tudes of one of the environmental elements ex- 
hibits in tabular form the relation of the distri- 
bution to that element and the others linked with it. 
The errors in estimating the abundance arising 
from the use of a plankton net, the variability of 
the elements other than the one in question, and 
the fact that only a relatively small sample of the 
total population is examined have an important 
accidental influence on the character of the rela- 
tion. 

Illustrations are given of a method of testing 
the significance of the difference between two val- 
ues of the abundance, which depends upon the 
probability that a difference in the same direction 
would arise by chance if the number of hauls were 
indefinitely increased. A plan is briefly outlined 
for eliminating the effects of all but one of the 
elements and testing the significance of the rela- 
tion indicated by the corrected values of the 
abundance. The same methods are also applicable 
to statistical treatment of other kinds of quantita- 
tive data. 


The Boring Mollusca of the Pacific Coast: Mrs. 
Ipa 8. Ouproyp, Long Beach, California. 


The Life History of the Pacific Herring: C. Mc- 

LEAN FRASER. 

The Pacific herring appear in large schools all 
along the Pacific coast from California to Alaska. 
The average weight of those caught in purse seines 
is about 3.6 oz. and the length 8 inches, not in- 
cluding caudal finrays. They wander about in 
search of food, which consists mainly of copepods. 
There is but one spawning season in one locality. 
Near the biological station, Nanaimo, this is in 
February and March. Spawning takes place in 
shallow water, but this may be incidental to the 
requirement of barnacle larve for food at that 
time. Both females and males rub against the sea 
weed while spawning. The spawn adheres, hatches 
out in 14 or 16 days and the yolk lasts another six 
days. First spawning takes place at the age of 
three or four years. Most herring caught are from 
four to eight years; some were found ten years 
old. The scale increases in size in approximately 
the same ratio as the other parts of the body and 
the different year growths are marked off by 
winter checks or rings. Those who have caleu- 
lated the growth of the fish in each year from the 
rate of growth of the scales have failed to take 
into account that the scale does not start to grow 
when the fish does. The herring is 3.5 em. long 
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before the appearance of the scale. This should 
be taken into consideration when the length of the 
fish is divided according to the divisions of the 
scale as shown by winter checks. 


The Nuclear Phenomena in Paramecium: R. T, 

Youne, University of North Dakota. 

During the San Francisco meetings on Thursday, 
August 5, of the American Association for the 
Advancement of Science, there was formed a Pa- 
cific Branch of the American Society of Zoologists, 
The officers elected at this meeting were: 

President, V. L. Kellogg, Stanford University, 
Palo Alto, California, 

Vice-president, R. M. Yerkes, Santa Barbara, 
California. 

Secretary and Treasurer, Joseph Grinnell, Uni- 
versity of California, Berkeley, California. 

Executive Committee, C. O. Esterly, Occidental 
College, Los Angeles, California; Barton W. Ever- 
mann, California Academy of Science, San Fran- 
cisco, California; Charles L. Edwards, Los Angeles, 
California; J. Frank Daniel, University of Cali- 
fornia, Berkeley, California; Harold Heath, Stan- 
ford University, Palo Alto, California. 


On Thursday, August 5, there was formed a 
Pacific Coast Branch of the American Society of 
Naturalists with the following organization: 

President, Barton W. Evermann, California 
Academy of Sciences, San Francisco, California. 

Vice-president, John F. Bovard, University of 
Oregon, Eugene, Oregon. 

Secretary, Ellis Leroy Michael, Scripps Institute 
for Biological Research, La Jolla, California. 

Treasurer, L. L. Burlingame, Stanford Univer- 
sity, Palo Alto, California. 

Executive Committee, Trevor Kincaid, Univer- 
sity of Washington, Seattle, Wash.; Harry B. 
Torrey, Reed College, Portland, Oregon; Frank 
M. McFarland, Stanford University, Palo Alto, 
California. 

The society will take the place of the local bio- 
logical societies of the Pacific coast. 

The Biological Society of the Pacific met at the 
Hotel Sutter, San Francisco, August 4, for their 
annual meeting. The address of the evening was 
given by Dr. Harry Beal Torrey, of Reed College, 
on ‘Research and the Elementary Student of 
Science.’’ At this meeting the Biological Society 
voted to drop its organization in favor of the 
newly organized Pacific Branch of the American 
Society of Naturalists. 

H. V. 
Secretary 
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